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On the Changes in the Mechanical Properties of 
Plain Carbon Steels by Thermal Cycling 
Hiroshi Miura 
Abstract 
The changes in the mechanical properties of three kinds of plain carbon steel (0.09， 0.32 and 
0.59% C) by thermal cycling below ACl were investigated. The maximum heating temperature of 
thermal cycle was 6900C and the holding time was 4 minutes. 1n order to find out the charac-
teristic feature of the changes in the mechanical properties by thermal cycling， the changes in 
the mechanical properties by steady iso-thermal heating were compared with those by thermal 
cycling. 
The result obtained were summarized as follows; 
(1) The rate of changes in the strength and ductility by thermal cycling was more than 
three times as fast as that by steady heating. The important characteristic feature of the 
changes in the mechanical properties was the marked increase in the Charpy impact value by 
thermal cycling. The changes in the mechanical properties was increased with increase of the 
rate of thermal cycling. 
(2) 1n the case of thermal cycling， the strength and the ductility value of materials having 
the same hardness as steady heating were higher than those of steady heating. 
(3) The ratio of area of brittle fracture at ODC was increased with increase of thermal cycles. 
The impact value in the low temperature range was decreased but that above room temperature 
was increased remarkably. However， the ratio of brittle fracture above room temperature and 


























{共試材は市肢の機械構造用炭素鋼， S55C (0.59% C， 0.67% Mn)， S30C (0.32% C， 0.46% 




サイクルは 16900Cx4min， WCJであり， 用いた塩浴炉は前報9)と同じである。試験片中心
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Fig. 1. Re!ation between the mechanical 
properties and the structure of 
0.590/0 carbon stee!， and number 
of thermal cycles. Thermal cycle ; 















Fig.2は原組織がおもにブェライトよりなる供試材， S10C (0.9% C鋼)の繰返加熱によ



















Fig. 2. Relation between the mechanical 
properties and the s tructure of 
0.09% carbon steel， and number of 
thermal cycles. Thermal cycle; 

























る。 σ。と Ky の常温における値は Gou-
zon12)の
As annealed after 300 cycles 
Photo 1. Microstructure and thermal cycling. 
Specimen: same as Fig. 2， (X600). 
σ0= 4.9-11.2 kg/mm2 K?J = 0.60-0.84 (kg/mm2) cm1!2 
の最大値と最小値をとり， (1)式によって引を求めると， 計算上は 300サイクルで 3.0-4.2






る特異な現象である。 Fig.lの 0.59%C銅の場合にもこのような傾向がみられた。 図は省略










影響を調べた。保持時間合計はし、ずれも 10hrであり， Nr/lOhrs=lは 6900Cx10 hrの定常





































Thermal Cycles (Number/!Ohrs) 
Fig. 3. E丘ectof the rate of thermal cycle on 
the mechanical properties of carbon 
steels. Holding time X number of 








Fig. 4. Relation between T(C十logt) and the 
mechanical properties of 0.59;10 carbon 
steel after thermal cycling and steady 
isothermal heating 
T; temperature (OK)， c=3.42; constant， 








































Fig. 5. Relation between hardness and， 
strength and ductility of 0.59% 
carbon steels. Original structure; 





Fig. 1 ~ Fig. 3に示したように， 繰返加熱の場合には衝撃値が著しく増加することが特色
の1つである。そして，この靭性の増加はある場合には硬度や降伏点の増加を伴う点において
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Fig. 6. Changes in the hardness， the Charpy 
impact value and the ratio of area of 
brittle fracture of 0.32% carbon steels 
by thermal cycling and steady isother-
mal heating. Thermal cycle; 6900C x 
4 min. WC. Holding temperature of 





Fig.7は Fig.6の原組織 (HT)，繰返加熱 lサイクル (CH1)， 100サイクル (CH100)お




Fig.7によると， CH 1の衝撃値は HTよりわずかに減少している。 HTとCH100とを




































I1ging Temperoture (OC) 
Fig. 8. Relation between aging 
temp巴ratureand amount of 
age hardening of the same 
specimens as Fig. 7. 
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Test Temperot ure (OC) 
Fig. 7. Relation between test temperature 
and， V notch Charpy impact value 
and ratio of area of brittle fracture 
of 0.32% carbon steels by thermal 
cycling and steady iso-thermal heat-
ing. Holding time at test tempera-
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On the Changes in the Transmission Electron Micrograph 
in Low Carbon Steels by Thermal Cycling 
Hiroshi Miura 
Abstract 
The changes in the trnasmission electron micrograph in commercial low carbon steels (0.08 
and 0.20% C) by the thermal cycling below ACl were investigated. Thin foils were taken from 
center of solid bar specimen (18件x130 mm) and th巴 partnear the crack by thermal fatigue in 
hollow circular cylinder specimen (50.0ゆx18.5 rt X 100 mm). Many dislocation were induced in th巴
matrix ferrite by thermal cycling. As the number of cycle was increased" cell structures were 
formed in the matrix ferrite and in the ferrite of spherodized pearlite colony. Cell structure 
was observed in the vicinity of crack by thermal fatigue. The dislocation by thermal cycling 
was curved strongly or had a shape of loop type. Th巴 sizeof the cell structure by thermal 
cycling was decreased with increasing of number of thermal cycle and contained many disloca-
tions in且 cellstructure. These are characteristic features of the dislocation and th巴cells tructure 
by thermal cycling. It may be considered that carbides in a ferrite may cause th巴 formation






















供試材は市販の直径 18mmの機械構造用炭素鋼， S 10C (0.08% C， 0.4870 Mn)である。
供試材を焼準 (9200CX 2 hr， AC)後，焼鈍 (9200CX 1 hr， FC)し，その原組織をフェライトと
層状パーライトよりなる組織に調製して，繰返加熱用の試験片とした。繰返加熱は中実円筒型








アルファ-No. 201であり，液剤は N.Nジメチルホルムアミドである。次に P205-H202-H20
(3: 5: 2容)の混合溶液で厚さを約 O.lmmまで化学研磨を行なう。 さらに竹山川の噴射研磨

















Photo 1. Electron micrographs司 asannealed and after thermal cycling 
(al as annealed at 9200C for 1 hr， commercial low carbon steel 
containing 0.085"0 C. Ib) after 20 cycles. (c) after 400 cycles. 
Thermal cycle: 6900C x4 min. water coo1. cf: fine spherical 


















Photo 2. Transmission electron micro-
graphs， as annealed specimen same as 

























Photo 3. Transmission electron mi-
crographs of ferrite after 1 cycle 
Thermal cycle and specimen: same 
as photo. 1. These foil were taken 
from a solid bar， 18 cb x 130 mm 
(a) dislocation con五guration near 











































Photo 4. Transmission electron micrographs， 
after 20 cycles. (a) and ，bi， showing 
relation between dislocation and fine 
spherical cementite ，cfi. (ci tangled 





















Photo 5. Transmission electron micrograph 
showing cell formation after 100 cycles 


















Photo 6. Transmission electron micrographs， after 200 cycles. (al new 
cell formation in a cell structure. (bl dislocation distribution 





きさは 2~6μ であり，亜粒界(セノL監)と粒界の区別が困難となる。すなわち， 400サイクル
(19) 
412 三浦寛
Photo 7. Transmission electron micrographs， after 400 cycles. 
(a) typical cell structures of thermal cycled specimen 
(b) micrograph in a cell structure. (c) cell structure 

























































(50.0 o X18.5 o X100 mm) を「電気炉加
熱一水冷方式」の繰返加熱を行ない，試
験片の冷却子L(18.5 o X100 mm) に発生し
た熱疲労クラックと光学顕微鏡組織のi司
係25)を示したものである。供試材は1;販の
機械構造用炭素鋼， S20C (020% C， 0.41 % 












Photo 8. Oplical micrograph near the crack 
by thermal fatigue of commercial plain 
C乱rbonsteel contail;ting 0.20% C. Speci-
men: hollow circular cylinder， 50.0り×
18.5 (; x 100 mm. Thermal cycle: Max 
temp.ェ 6500C，Min tempニ:'lOOOC、200
cycles (X 4(0) 
Photo 9. Transmission electron micrograph 
near the crack by thermal fatigue aftet 
300 cycles. specimen and thermal cycle: 


































1) R. E. Lismer and F. B. Pickering: J. Iron Steel Inst， 170， 263 (1952). 
2) A. H.もNain巴 ibid.165， 276 (1950). 
3) 藤原: 日本金属学会誌， 21， 149 (1957). 
4) 渡辺・柴崎: 材料， 12， No. 114， 173 (1963). 
5) 三浦・大内; 日本金属学会誌， 30， 361 (1966). 
6) 三浦: 日本金属学会誌， 31， 964 (1967). 
7) 三浦. 日本金属学会誌， 31， 970 (1967). 
8) 三浦: 日本金属学会誌， 33， 693 (1969). 
(23) 
416 三浦寛
9) 三浦: 室工大研一報， 7， 393 (1971). 
10) 竹山・八戸・佐藤].Electron Microscopy， 15， 269 (1966). 
11) 西山・是枝・清水 J.El巴ctromicroscopy，7， 41 (1959). 
12) E. Smith: Direct Observation of Imperfection in Crystals， Int巴rscience，New Y ork， 203 (1962). 
13) 竹山・松坂: 北海道大学工学部研究報告， 48， 201 (1968). 
14) 三浦: 安工大研報， 6， 965 (1969). 
15) H. Stuart and N. Rldley: ]. Iron Steel Inst. 204， 711 (1966) 
16) 芽野: 日本金属学会誌， 31， 310， 316 (1967). 
17) 竹山・高橋. 北海道大学工学部研究報告， 48， 173 (1968). 
18) D. A. Jones and J. W. Michell: Phil. Mag.， 3， 1 (1958) 
19) 三浦: 未発表.
20) 矢嶋・石井: 日本金属学会誌， 32， 697 (1968) 
21) R. L. Nolder and G. Thomas: Acta Met.， 12， 227 (1964) 
22) O. Joher and G. Thomas: Acta Met.， 12， 1153 (1964). 
23) 例えば，大井・佐藤. 日本金属学会誌， 32， 363 (1968). 
24) 例えば，辛島・及川・小倉: 日本金属学会誌， 31， 674 (1967). 




On the Fixation of the Standard Electric Charge 
by Water Drops 
Keitaro Orikasa 
Abstract 
The diameter of water drops dripped from the needle of the syringe is so uniform that if 
the needl巴 hasa五xedelectric potential， the electric charge on th巴 dropsshould be taken as the 
standard electric charge. 
This idea has been used by some workers of the “Atmospheric EI巴ctricityヘandthey assumed 
that the charge on the drops is obtained from the relation Q=CV (Q: electric charge on the 
drops， C: electrostatic capacity of the drops， V: electric potential which is given to the needle). 
In this paper， the author considered that the above-m巴ntionedassumption may not be esse距
tial and proposed another idea derived from the results of the measurements of electric charge 
on the drops dripped from the needle by a Vibrating Reed Electrometer， and found some effec-
















































表示入力容量 |表示入力抵抗 R J 印加電庄 Eoi 
(pF)~l ~__ (Q) __.~_: _(主/vI土 l
1，000 101日 6 i 
1，000 1010 6 
1，000 1010 6 













時定数 ，I ，/R 








平 均 -1--- ~ム l





示入力容量 1，000pFの組み合せ(図 2)では l秒の読みちがし、で入力容量の値に 10%，又表示












































































































































































































































































































































































































































































































































5 10 20 30 40 50 
ファラプー ケー ジと注射金十との距膏佳 wm.)
図 13 シ{ノレド円筒 (b)を用いた場合の水滴の
落下位置と帯電量との関係
???? ? ? ? ? ? ?
温度変化位。c~ lZ.c 







(13.$3) (26.67) (40.0) (5333) (68.6ワ)_ 0 
100 '200 300 400 500 0 
印加竜庄 (ffi')J..ト)
図 14 温度，湿度の影響(シーノレド円筒 (a)
を用いた場合)
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計算電荷量 (X10-"グー 口シ)
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A Virtual Computer for Education and its Simulator 
o. Yamada， T. Tukuni， 1.Tukahara， K. Abe 
andiS1Kitamura 
Abstract 
To learn the computer science， itis r日quiredof us to have some preliminary knowledge of 
th巴 computerhardware. It is desired to do the experiment using ass巴mblylanguage. 
But commercial computers are too complicated and inconvenient for students to learn 
a survey of computer. Therefore， w巴 designeda virtual computer EDUAC， an assembly language 
EDUAL， and a simulating program has been written to simulate the EDUAC. 
The EDUAC has one program count巴r，one instruction register， one address register， one 
accumlator， two I/O bu妊erregisters and a few core memories. The EDUAL has twenty-two 
executiv巴 instructionsand five pseud-instructions 
Whenever a instruction is executed， the simulator checks whether the operation is correct 
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前述の諸条件を考慮して， 次のような教育用の仮想電子計算機 EDUAC(Educational 
Automatic Computer)を設定した。
















































D (divide) (Acc)ム (D)→Acc
AND (and) (Acc)と (D)のピット毎の論理積
OR (or) (Acc)と (D)のビット毎の論理和
EOR (exclusive or) (Acc)と (D)のピット毎の排他的論理和
SETX (set index) N→index 
AX (add index) N十(index)→index
J (jump) (D)→PC 
JP (jump plus) (Acc)>Oならば (D)→PC 
JZ (jump zero) (Acc)=Oならば (D)→PC 
JM (jump minus) (Acc)くOならば (D)→PC 
JZX (jump zero index) (Index)=0ならば (D)→PC 
JL (jump and link) (PC)→D， (D)+l→PC 
SL (shift left) Accの内容を N ビットだけ左へ移動
SR (shift right) Accの内容を N ピットだけ右へ移動
READ (read) 紙テーフ。から l文字読み，内部ヨードに変換して Accvこ入れる。
PRNT (print) Accに示される内部コードに相当する文字を 1文字印刷する。
(41) 









ACNT (address constant) Dのアドレスを格納する。
END (end) プログラムの終りを示す。
ただし， READ， RRNT， STOP， ENDを除き，すべて 1個のアドレス部をもち， SETX， AX， 
SL， SR， RSV， DEC， OCTはアドレス部に数値Nが書かれ，他のものは記号アドレ
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EDUAL Assernble 
Source program Object Pro民ram
? ? ??
?





























000 021006 (0010001000000110) 
001 001007 (0000001000000111) 
002 022010 (0010010000001000) 
003 001011 (0000001000001001) 
004 032000 (0011010000000000) 
005 030000 (0011000000000000) 
006 000001 (0000000000000001) 
007 000002 (0000000000000010) 












Prog.C.=OOOOOO 工nst.Reg.=OOOOOO Ad.Reg.=OOOOOO 
Acc.=OOOOOO (0000000000000000) 工ndexReg.=OOOOOO 
Core l~aD 
021006 001007 022010 001011 032000 030000 00000工 000002
000000 000040 
Step 001 
Prog.C.=OOOOOl 工ns七.Reg.=021006 Ad.Reg.=000006 
Acc.=OOOOOl (0000000000000001) 工ndexReg.=OOOOOO 
Step 002 
Prog.C.=000002 工ns七.Reg.=001007 Ad.Reg.=000007 
Acc.=000003 (0000000000000011) 工ndexReg.=OOOOOO 
Sじep 003 
Prog.C.=000003 工ns七.Reg.=022010 Ad.Reg.=000010 
Acc.=000003 (0000000000000011) Index Reg.=OOOOOO 
Core l~ap 
021006 001007 022010 001011 032000 030000 000001 000002 
000003 0000判。
Step 004 
Prog.C.=000004 工nst.Reg.=001011 Ad.Reg.怠 000011
Acc.=000043 (0000000000100011) 工ndex Reg.=OOOOOO 
己じep 005 
Prog.C.=000005 工nsじ.Reg.=032000 Ad.Reg.=000011 
Acc.=000043 (0000000000100011) 工ndex Re巳・=000000




Prog.C.=000006 工nst.Reg.=030000 Ad.Reg.=000011 
Acc.=000043 (口000000000100011)工ndexReg.=OOOOOO 
Core Map 
021006 001007 02己010 001011 032000 030000 000001 000002 
000003 000040 
図 2 シミュレーションの一例
Fig. 2. A example of simulation. 
(44) 
教育用仮想電子計算機とそのシミュ L〆{タ 437 
がつかず見にくくなるのを避けるためで、ある。アセンフ。ルとシミュレートの結果の表示例を
図-2に示す。
図-2において step0 は初期状態を表わしている。 各種レジスタ類およびコアの内容の
表示は 8進数で，括弧をつけた部分は2進数で表示している。
VIII. おわりに
現時点では， まだ EDUALを使用した教育を行なっていないので， その教育効果を検討














Supervised and nonsupervised algorithms have been developed for adaptive pattern clasiι 
cation， respectively. These algorithms， however， have been studied under somewhat restrictive 
conditions on the probability structure， and， moreover， have some clificult problems in the apli-
cations to practical pattern clasification systems. 
This paper describes a un泊edalgorithm which combines these two algorithms to remove 
these problems. 
1. Introduction 
The problem of pattern recognition has recently obtained great attention and 
many approaches have been proposed for pattern recognition. 1n many of their 
approaches pattern classi五cationmay be viewed as a problem in statistical classi-
五cation. 1n general， however， we have litle or no a priori information about 
the probability structure of patterns. Consequently， adaptive procedures would be 
required for learning the unknown probability structure. 
Supervised and nonsupervised algorithms have been developed for adaptive 
pattern classi五cation，respectively. These algorithms， however， have been studied 
under somewhat restrictive conditions on the probability structure. Furthermore， 
under general conditions， supervised algorithms would require a large number of 
training patterns for optimal classi五cation. On the other hand， nonsupervised 
algorithms have a serious disadvantage concerning the rate of convergence. 
Therefore， there would have some di伍cultproblems in the applications of these 
algorithms to practical pattern classi五cationsystems. 
This paper describes a uni五edalgorithm which combines these two algorithms 
to remove the above problems. 
2. A Unifi.ed Algorithm 
1t is genera11y assumed that each pattern may be represented by an n-
dimensional vector. 1n this paper， however， for ease of notation we consider 
each pattern represented by a scalar. We deal with the more general cases where 
a probability density and an a priori probability associated with each pattern c1ass 
are a1 unknown， where no assumption need be made about the forms of the 
probability densities， and where they may be su伍cientlyoverlapping. 
Let there be M possible classes ωbω2， ，ω1If. A probability density ρ(xl叫)
and an a priori probability of occurrence p.吋 areassociated with each pattern 
(47) 
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class. We assume here that each probability density ρ(xlωi) can be approximated 
by a五niteseries of known orthogonal functions: 
長(xlωt)= L: atlPij(X) ( 1 ) 
where the 
coe伍cients.
約八x)are known orthogonal functions and the αij are unknown 
In this algorithm， we first make use of a supervised algorithm. 
vised algorithm is as follows: 
The super-
According to practical situations， an appropriate training period is to be 
determined. The supervised algorithm will adjust the unknown coe伍cientsaij 
using a proper set of training patterns. As a measure of the approximation， we 
take a quadratic measure. Furthermore， the normalization condition must be 
setis五edfor t(xlwJ Consequently， we have the following Lagrangian: 
L1i =印刷)一会(判的))2dz-451MM-lj
whereんareLagrange multipliers， dij = S x向 (x)dx.
for al i 
Therefore， optimal coe茄cientsαゐcanbe obtained by minimizing L 1i • 
we set the gradient of Lli' equal to zero， that is， 
(2 ) 
Then， 
f7Lバ [L{p州一長州 for al i 
(3 ) 
Consequently， by solving Eq. (3) the optimal coe伍cientsaちmaybe given by 
め=ECil {(/'ij叫 for al i and j 
( 4) 
where E(i) { } denotes the average over the population of pattern class i. 
Let αり (k)be the estimates of the unknown coe伍cientsaij at the k・thstep 
of training process. According to Eq. (4) the reasonable estimates of the aij at 
the ふthstep may be represented by 
叫ん)= 2主1y《μ少約向川川山4り山jバμ刈(収切Z勾'z)μ/仰n乞汁+[1 一2釦(主ふι¢和(/'ijりバμ川川(件防Z勾叫l)ιゐω仙j/μni仰仇叫包;恥)
for al i and j ( 5 ) 
where ni denotes the number of training patterns belonging to pattern class i 
until the ふthstep. 
For the a priori probabilities， let長町(k)be the estimate of the a priori pro・
bability of pattern class i at the ιth step. Then， the reasonable estimates for 
the unknown a priori probabilities might be 
会ωi(ん)=n;/ for al i ( 6 ) 
After a五nitenumber of adjustments of the coe伍cientsatj cluring the pre・
(48) 
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determined training period， itdoes not necessarily follow that the estimates for 
the coe伍cients向 jhave converged enough to the values of the optimal coe伍cients
αふ Therefore，the supervised algorithm need be followed by some nonsupervised 
algorithm to continue the adjustment process. 
The nonsupervised algorithm in this unified algorithm is as follows: 
By using Eq. (1) the over-al probability density of patterns can be approxi-
mated as 





??〈 ，?? ?? ? ( 7 ) 
where iうωi denotes the estimate of the a priori probability of pattern class i. 
We again take a quadratic measure. Furthermore， we must have the fol-
lowing constraints so that we may identify reasonably each probability density 
and each a priori probability: 
J川 ( 8 ) for al i 
M E九=1 (9 ) 
Therefore， we have the following Lagrangian: 
Lj = L{p(判長(X)}2dx+ i~ Ai{J;j ai}dij -1} 十 μL~丸一 1} (10) 
where A.t and μare Lagrange multipliers. 
Consequently， in order to obtain the optimal coe伍cientsaij and the optimal 
estimates長Lofthe a priori probabilities，we set the gradient of L2equal to zero， 
that is， 
f7 L2 = f7[L {p仲会(劫rdx+訓かん-1}+μ(三九一作。
(11) 
Evidently， Eq. (11) are not linear equations of the unknown parameters. We 
make use of gradient method to solve Eq. (1). With the use of gradient method 
to solve Eq. (1). With the use of digital computer we can obtain comparatively 
easily the reasonable estimates of the unknown parameters. Furthermore， we 
can obtain definitely the optimal parameters of each pattern class as the numbes 
of observed patterns approaches infinity. 
In this unified algorithm， maximum-likelihood criterion is used for optimal 
classi五cationof observed patterns. H， for any observed pattern x 
(12) 
If in Eq. (12) the sign of 
for al j， j学i長町長(判的)ミムjP(xlωj)
the pattern x may be assigned to pattern class i. 
(49) 
442 Y. Kumagai 
equality holds， itis assigned to the pattern c1ass with the smallest index. 
3. Conclusion 
We proposed a unified algorithm for adaptive pattern c1assification. This 
algorithm works under more general conditions and has some advantages for 
practical applications. Furthermore， itcan follow slow changes in the probability 
structure of pattern classes. 
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Isotope Dilution Analysis of Potassium by an M.I.T. 
Type Surface Emission Mass-Spectrometer 
Seiji Nakamura 
Abstract 
The present investigation has made possible to determine the ultra-trace amount of potassium 
by the isotope dilution method using an M.I.T. type surface emission mass-spectrometer equipped 
with a single filament ion source 
This method can be applied to the determination of potassium in polar snow-ices， which 
were coUected around the Showa Station and at 29 points between the Showa Station and the 
South pole by the 8th and 9th South pole exploration parties 
Results show that potassium concentration in polar snow-ices is at the level of micro-gram 
in 1 kilogram of snow-ice. 
1. 緒言
前報告で室蘭工大型表面電離質量分析計を用い 5x10~7 gのカリウム化合物を試料として
誤差 1% 以内，検出感度1O~13_ 1O~14gをもって分析可能なことを報告した。
本報ではlO~lO g以下の超微量カリウムの量を， 一定量の 41K同位元素をスパイグとして




















































Table 1. 全石英製純水中の K の分析億 (Sensitivity>く1000)
39Kピークの高さ 41Kピークの高さ
(ミリボノレト) (ミリボノレト)
1 10.95x100 12.18X1000 
2 l1.78x100 13.00x1000 
3 12.50X100 13.80X1000 
4 13.15x100 14.48X1000 
5 13.70X100 15.12X1000 
6 14.37X100 15.75X1000 
7 14.90X100 16.32x1000 
8 15.32X100 16.90 X 1000 
9 15.70X100 17.38 X 1000 



































試料量 4.7703 g 




Table 2に示した。 41Kスパイク対試料中の 39K
の同位体比をおよそ 1:1になるようにした時

























3，600 Volt . 
2，500 Volt 






で測定した。 Fig.1には 39Kと 41Kのピークを 10Voltフルスケーノレで、繰返し測定例を示し






Table 3. 分 析 値
39Kピークの高さ 41Kピータの高さ 41K/39K 
(ミリボノレト) (ミリボノレト)
1 11.73x1000 9.25X1000 0.789 
2 11.78x 1000 9.30X1000 0.790 
3 11.83X1000 9.39x1000 0.793 
4 11.85 x 1000 9.38X1000 0.792 
5 11.85x1000 9.35x1000 0.790 
6 11.76x1000 9.33x1000 0.793 
7 11.75x1000 9.32X1000 0.793 
8 11.70x1000 9.28X1000 0.793 
9 11.68x1000 9.25x1000 0.792 
10 11.67 x 1000 9.22X1000 0.790 
平 均 0.792 
Table 3の41K/39Kの同位体比の平均値からカリウム量は次式により求められる。
(0.991)一(0.0082)(0.792) " 39.1 αェ 0.0173 ;::.;:;:.::~ /'" \~~'J~~'_''''';~'-';~ ~:::~ x一一一
(0.792) (0.935)一(0.0647)" 40.9 
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39Kは 100 Voltフルスケール (F.S)
40Kは 0.1 Voltフルスケール (F.S)


























Table 4. 純水中の K の同位体比
39K ピークの高さ
(ミリボノレト)
16.86 x 10000 
17.08 x 10000 
17.25 x 10000 
17.30 X 10000 
17.38 x 10000 
17.30 x 10000 
17.24x100∞ 
17.08x10000 

























Table 5. 氷雪試料中の Kの同{立体比
39K ピークの高さ 140~ ピーク叩 41Kピークの高さ
(ミリボノレ J') (ミリボノレト) (ミリボノレト 1
15.23 x 10000 1.90X10 1O.55x1000 
15.68 X 10000 2.02xlO 10.90x1000 
15.48 x 10000 1.95x 10 10.72xlOOO 
15.18 x 10000 1.82x10 10.52X1000 
14.85XlO∞o 1.80X 10 10.25XlOOO 
14.53 x 10000 1.80x10 10.03X1000 
14.20 x 10000 1.76x10 9.82xlOα) 
13.88 x 10000 1.70x 10 9.62x1000 
13.72X10000 1.63x 10 9.50X1000 









































Table 8 V工 RockefellerPlatean， 
Byrd St， 215 km NE Byrd Stの試料に
























入が主な原因と考えられる。 70050S，43005Eから 88050841000E までは昭和基地から極点まで
の試料中の K濃度であり ，No.20 F 100から氷河までのものは昭和基地周辺で採取された試料
である。 また昭和基地周辺の Kの平均含有量は No.22の2，x37を除いて i回目 4.4μgjkg




Na K Mg 
(μgjkg) (μg/kg) (μg/kg) 
700018 43006E 31 2.5 2.3 
700508 43005E 43 5.5 3.9 
700008 42050E 63 5.0 6.5 
760588 45050E 16 2.9 3.8 
770518 41010E 28 1.2 2.2 
780848 40045E 42 8.6 4.6 
820498 40017E 32 7.5 4.2 
870108 39030E 25 3.6 1.7 
880098 41000E 22 :3.6 1.8 
880508 41000E 23 0.9 4.0 
Table 8. 参考資料
Na K Mg 
(μgjkg) (μgjkg) (μg/kg) 
Rockefeller Platean 32 1.6 4 
Byrd St. 23-38 1.3-2.5 3-7 
NE， Byrd， St， 1.4-1.6 1.4 
690008 39040E 5，300 610 
Table 9. 同位体希釈分析法による K濃度
試 宗十
1 回 日 2 回 呂
(μg/kg) (μg/kg) 
イオソ交換水 0.19 0.33 
全石英製二段式蒸溜水 0.17 
700508 43005E 6.3 
730028 42058E 6.8 
770518 410lOE 2.1 
780218 40058E 10.9 
880508 41000E 3.8 
No 20 F 100 5.0 3.9 
No 21 F 200 4.9 4.5 
No 22の1x37 6.2 5.1 
No 22の1x37 11.2 10.9 
No 23 F 170 3.0 2.9 
No 23 F 240 3.1 1.9 
氷 河 132 125 
(58) 
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The observed data of recent hydrothermal activity at Noboribetsu are reviewed. A hypothesis 
on the production of the sulfate ion and molten fre sulfur is presentecl. Some relations between 
the hydrothermal activity anclεarthquakes which occured 日roundHokkaido ar巴discussed.
Introduction 
Noboribetsu has two explosion craters， Oyunuma and Jigokudani， the present 
activity of which is considered to originate in neutral hydrothermal solution going 
up to 2000C and 30 atms， and releasing annual energy at level of 1022 erg1). 
The chemical conponents contained in this original hydrothermal solution are 
distributed between steam and hot spring water phases according to their solubility 
when a sudden boilng phenomenon of the original hydrothermal solution takes 
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are extracted in steam and common ions remain in hot spring water. 
The concentration of chemical components in the original hydrothermal solu岨
tion can be calculated by Equation 1. 
Original concentration Co =乙九CdL.:Vi ( 1 ) 
Vi is the amount of issuing water and Ci is the concentration of chemical 
component in question. Some one hundred analyses were required to get every 
(61) 
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Co value. Co value thus calculated might be considered to reflect the character-
istic property of the original hydrothermal solution. Continuous observations for 
a long period are considered to shown a certain relation between Co values and 
the intensity of activity if the assuption is true. The concentration of common 
ions such as Na and Cl thus calculated we found to be in a good accordance 
with observed concentration in hot spring water， secondary hydrothermal water， 
as shown in Table 2. 
Table 2. Chemical Concentration and Composition of the Original 
Hydrothermal Solution， inmil equivalent. 
Original Solution， Co・
















































The Variation of Noboribetsu Hydrothermal Activity and 
the Chemical Property of a Secondary Hydrothemal Solu恥
tion (No. 5) in mil equivalent 
HC03 I Cl SO4 I 
2.31 1 108 0.8 






























































































Recent Hydrothermal Activity at Noboribetsu Hokkaido 
77C03日 S04 Na Ca 1 Na/Cl Ca/Cl 
Table 3 (continued) 
Sept.， 1954 50.2 
83.9 Aug.， 1962 
Jan.， 1963 82.9 
Mar.， 1963 79.8 
May， 1963 78.2 





















































































































































































So， daily values of Ci as partially lised in Table 3 have been used for Co 
with much ease to reflect the intensity of hydrothermal activity (Fig. 1). 1t has 
been found that Ct values of common ions such as Na， K， Mg， Ca and Cl， and 
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Dafe of observafion 
The Variation of the Chloride Ion Concentration 
in a Secondary Hydrothermal Solution (No. 5) 
1965 1955 1950 
Fig. 1. 
also of protium become concentrated when the hydrothermal activity increases 
its intensity and vice versa. The concentration factor of each cationic component， 
however， has a different value for chloride ion. For example， NajCl becomes 
smaller when the intensity increases， but gets larger when the activity goes down 
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The Vari且tionof the Ratio of NajCl in a Secondary 






Recent Hydrothermal Activity at Noboribetsu Hokkaido 457 
activity period but goes down when the activity declines. Ionic exchange phe-
nomenon between Na and Ca seems to proceed in pararell with the variation of 
activity， and finally at the weakest intensity the chemical composition of the 
original hydrothermal soluttion shows a similarity to that of sea water， deutrium 
being concentrated (Table 4). 
Table 4. Isotopic Fractionation of Hydrogen in 
a Secondary Hydrothermal Solution 
I Mean Deviation from I Date .::;';'-"-:I~~~_ -'-'~~_"_""'''-;;T'': ， ~~_:;..... .T向。 TapWater* I 
Feb.， 1952 -1.33% 





































According to daily observation of these， Ci values， Murozumi could predict 
the sudden variation of the activity 6-10 months before the apparent change 
took place. 
In this paper， present author trys to discuss the oxygenation of H2S gases 
to molten free sulfur and sulfate ion through the chemical composition of the 
hot spring water at Oyunuma. According to daily observation of C values during 
last two decades， itis discussed that there should be some relations between the 
intensity change of the hydrothermal activity of Noboribetsu and last two Off-
Tokachi earthquakes which occured in 1952 and 1968. 
Results and discussion 
( 1) Production of molten free sulfur and sulfate ion 
Noboribetsu hydrothermal activity， originating in the end energy of Kuttara 
volcanism， has spouted the high amount of acidic and neutral hot spring water 
(Table 1). 
Major gaseous components contained in hot spring water and fumarolic gases 
are steam (H20)， COz and H2S. S02 is minor. Therefore， itis considered that 
sulfate ion and molten sulfur are not existence in the original hydrothermal solu-
tion， and these sulfate ions and molten free sulfur are produced by the oxyge-
(65) 
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and clay bed 
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L一一一~一一一一四一一_3D "， 'Lower 'delded tuff 
Fig. 3. Geological rnap of Noboribetsu J. Suzuki et al. (1958) 
nation of H2S gases near the surface. The oxygenation is considered to be 
undergoing with the following reaction， 
2H2S+02 = 2SL十2H20
2SL +302十H20=2H2S04 
4FeS2+ 1502十2H20= 2Fe2(S04)3 + 2H2S04 
The oxidant used in these reaction is oxygen， the source of which is considered 
to be both of atmospheric and dissolved oxygen. Most acidic hot spring water 
(6200m3/ day) is supplied from under-
ground water in which the daily amount 
of dissolved oxygen is 2 X 103 mole 
with high estimation. While the daily 
amount of sulfate ion thus produced is 
2.16 ton. The amount of oxygen 9.2 x 
104 mole is daily required to oxygenate 
H2S to sulfate ion of 2.16 ton. But 
the amount of dissolved oxygen is not 
enough to required oxygen. Therefore 
atmospheric oxygen is used to these 
oxygenation reactions in the fumaroles 
and hot springs and the solution thus 
oxygenated is considered to permeate repeatedly through the underground. And 
these reactions are undergoing near the surface of the earth. 
( 1 ) 
( 2 ) 
(3 ) 
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Recent Hydrothermal Activity at Noboribetsu Hokkaido 
Table 6. Chemical Properties of Oyunuma hot lake water 


































































































































24 122.0 16 37.4 
(67) 
Hot-lake Oyunuma， the maximum depth of 26 m， isformed of two layers. 
Table 6 shows its chemical components. Upper layer is homogeneous and lower 
layer is heterogeneous in chemical and thermometric. Later layer is sluggish with 
molten sulfur， pyrite and weathering rock particles. 
Free sulfur is considered to be produced by the reaction (1) in the upper 
layer because of no dissolved oxygen to oxygenate H2S gases in the lower. Free 
sulfur thus produced precipitates and melts by high temperature fumarolic gases 
on the bottom of Oyunuma. 
Pyrite particles mix in molten sulfur. This pyrite is considered to be pro・
duced near the surface， because iron is dissolved in the underground water and 
H2S is dissolved in original hydrothermal solution. 
25 122.3 
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(2) Some relations between the intensity change of the Hydrothermal activity 
of N oboribetsu and earthquakes 
It is known that Noboribetsu has repeatedly shown remarkable changes of 
activity since 1880. No such changes of activity on a large scale have been 
observed in any other hot spring region in Japan. The phenomena are rather 
similar to volcanic activity. 
1t was discussed that daily values of Ci have been used for Co with much 
ease to reflect the intensity of hydrothermal activity (Fig. 1). 
The variation of Ci has been observed three times during last two decades. 
Before and after the periods of these variation， large scale earthquakes had hap-
pened around Hokkaido (Table 7). The accumulatecl energy of the earth shell 
Table 7. Large scale Earthquakes around Hokkaido since 1940 
Date 
1952. 3. 4 
1958. 11. 7 
1963. 10. 13 












is consiclered to be effect to volcanic and earthquake energy， therefore these facts 
should show some relations between the intensity change of the hydrothermal 
activity of Noboribatsu ancl earthquakes which occured around Hokkaido. 
The author expresses grateful appreciation to Professor Masayo Murozumi 
of the Muroran 1nstitute of Technology for his hearty encouragement ancl valuable 
cliscussion through this investigation. 
(Received May 20， 1971) 
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Studies on Developing the Manufacturing Process of 
Activated Carbon by Fluidized Gasification 
Hiroshi Yanai 
Abstract 
It has been engaged in developing the manufacturing process of activated carbon by iuidized 
gasi五cationfrom various carbonaceous materials for the long period of 25 years or more. This 
work， coupled with laboratory research司 hasgreatly advanced knowlege of the iuidized activation 
method and has resulted in th巴developmentof a series of commercial process that is usefully 
pretreated with C12 gas after sifting or/and surface grinding procedur巴 ofcyclone dusts. This 
paper r巴viewsbrieiy the nature of our process and operating results， while discussing the various 
problems that encounter in the course of development， and also describes our research in this五eld.
1 Introduction 
A1though a 10t of work has been pub1ished on the mechanism of formation， 
manufacturing method， properties and app1ications of activated carbon， yet the 
operating conditions and equipment design a古田tingthe yield and quality of 
activated carbon are trade secrets which are only availab1e under licensing agre-
+~5)12) ements 
1n a case of preparing activated carbon frorn carbonaceous rnateria1s， especial1y 
for the purpose of deashing from these rnateria1s， pretreating those with C12 gas 
has been known long since. And a1so the chernica1 pu1p rnight be rnanufactured 
by treating woods with C12 gas and rernoving lignin frorn thern. These pretreating 
processes had corne into operation with either a五xedbed or a rnoving bed. 1n 
the fluidized process， however， the atrnosphere of C12 gas was extreme1y diluted 
due to both fluidizing agents and generated gas， and then it was not possib1e to 
obtain the desired resu1t sufficiently. 
1n the course of血lIdizedactivation， since it is di鼠cu1tto regu1ate the ho1ding 
tirne of granules within the furnace and granu1es are activated frorn the surface 
during short tirnes， both reactivity of rnateria1s and reaction temperature becorne 
essential1y rnore irnportant factors. Consequently there is a divergence of activity 
of cyclone dusts owing to the size distribution， and a1so the inside and the 
outside of granu1es4)91. 
For the purpose of a solution of these problerns in the fluidized activation， 
it has been resulted in the developrnent of a series of cornrnercial process that 
is usefully pretreated with C12 gas after sifting or/and surface grinding procedure 
over the wide range of carbonaceous materia1s. This paper reviews briefly the 
nature of our process and discusses the various problems that encounter in the 
course of developrnentIl)-141. 
(69) 
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2 Fluidized gasifi.cation of brown coal and manufacture 
of activated carbon from cyclone duseO) 
2-1 Relation between the gasification reaction and the activation of particles 
Since 1957， the much cheaper activated carbon has been manufactured from 
the pulverized brown coal by the fluidized gas泊cation3)6)7)1O). Up to the present， 
litle reports along this line has been appeared1)2). On the basis of the operating 
results， this present paper is summerized the e旺ectsof operating conditions on 
the gasi五cationand the activation. Various important factors concerned are dis-
cussed for the following items10). 
2-1-1 Crude material 
Material used is such a non caking coal as brown coal produced near Kushiro 
areas， Hokkaido， being五nerparticles recovered in the concentration operation of 
coaL The size of particles is usually finer than 3 mm， being about 15 % in water 
content. 乱1aterialsare dried by the自ashdrier and the size range is arranged 
from 1.5 to 3.0 mm by sifting. Analysis of materials and dusts used in this 
experiment is shown in Table 1. 
In this case， since it is di伍cultto make al of uniform size or to regulate 
holding time within the reaction chamber， itis necessary to select the material 
of better reactivity for the purpose of promoting the activation reaction throughly. 
Table 1. Analysis of material used and of cyclone dust 
'~ 
Analytical I Proximate analysis [%] ultimate analysis 
item 11... ~_ 'ti l_， ~1_ ....~___.1 Ic証玩面己|
Mater 凶 ¥ 1 27A s h :2t己;?よ5毘:iいSu制叫山l
"'-，-.1 lU-L1;:; -Ll-LQ_ll.C:;L ¥...O-LUVJ.J. [k王calfkg]| 包
Brown Feed (wet) I 5.42 10.4δ45.03 39.09 0.23 1 6，537 11.00 68.5 5.87 13.01 
Coal Dust 1 3.89 44.58 3.6 47.87 0.30 1 4，217 146.38 51.85 1.04 0.10 
(dry base) [%] Ash analysis ['10] 
Nitro-
gen Sulfur SiOz Alz03 FeZ03 CaO MgO MnO PZ05 TiOz S03 K20 NazO etc 
1.3 間 |4112638711m3回 0.07 1.46 1.78 :).27 1.59 0.97 0.2 
0.32 0.31 I 39.82 26.26 9.47 13.66 3.14 0.17 1.40 1.14 2.63 0.43 1.08 0.08 
2-1-2 The reaction temperature and the holding time within a reactor 
Both the reaction temperature and the holding time of granules within a 
reactor are important factors. On the basis of experimental results of charcoal 
in the fixed bed reactor， relations among the reaction temperature， the reaction 
time and the yield are described in the previous paper4)5. Since in general the 
holding time of granules is the range from 5 to 25 min， as shown in Table 2， 
(70) 
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being di旺erentowing to size of parti-
cles and operating conditions， it 
should be maintained the reaction 
temperature above 9500C and also 
at the same time it is preferable to 
arrange the narrow range of size as 
far as possible. 
A particle si詑 isgradually re-
duced， being activated with the prog-
ress of reaction. The granules of 
the size and apparent density cor-
responding to the flow rate at the 
outlet of reactor are expected to col-
lect by the cyclone separator. 
2-1-3 The average concentration of 
particles and the pressure drop 
within the reactor 
The average concentration of 
particles and the pressure drop within 
a reactor are the important factors. 
The average concentration of parti国
cles is expressed as Cd = Vll/V， 
Table 2. Characters of three fiuidized-
gasi五cationfurnaces with di丘erent
diameters 
No. of furn蹴 IP3叩 IP500 I P750 
Scale of furnace { fliV 4 
0.071 0.196 0.442 
0.233 0.833 2.443 
Feed rate [kgjhr] 35-50 55-120 100-270 
Air-coal ratio [ー] 2.3-2.5 1.9-2.5 2.2-2.0 
Steam-coal ratio [-] 0.2-0.3 0.2-0.4 0.24-0.5 
W，l 3-4 7.5-10 5-13 
Va 10-13 23-31 16-41 
Crlニ VdjV 4-5.5 2.8-3.7 0.7-1.7 
40-80 50-70 16-40 
Pressure 
ilP' 42-56 38-51 11-30 drop 
ilPjilP' 1.46 1.42 1.43 
t" 15-20 13-18 6-15 
C凹 35 51 63.5 
510-700 280-620 250-610 
Capacity 
[kgjm3jhr] 160-215 70-150 45-110 
where Wd， Va: the weight and volume of holding particles within a reactor， V: 
Fig. 1. Fluidized activation 
furnace internally heated 
inner volume of r臼 ctor. The values of Cd are 
greatly e妊ectedon the gasification reaction and the 
activiけ ofresulting dusts. 1n order to promote 
the reaction and to make uniform activity the value 
of Cd should be taken considerable small one. 1n 
a case of this brown coal， the activation is remarka-
bly accelerated when Cd < ca. 3 %. 1n general， the 
pressure drop of fluidized furnaces is calculated 
from the expression， L11ゲ=切ら/A. The values of 
L1P/L1P' are much more than unity， as shown in 
Table 2. The operating results of three fluidized 
furnaces with di百erentdiameters and the same type 
as shown in Fig. 1 are summerized in Table 2. 
2-1-4 The feed rate and the quantity of steam 
1t becomes clear that the feed rate is extremly 
a important factor. Dusts are sifted into three 
groups (x， y and z) corresponding to sifting yield 
Sx， Sy and Sz. The activity is expressed as 
(71) 
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Fig. 2. Effect of feed rate on activation and 
gasl五cationin P750 furnance 
caramel decolorizing power (Ca) and the e伍ciency(cold)ηis expressed as the ratio 
of acquired heat of generated gas to the calorific value of wet coal kg. E旺ects
of the feed rate on the activation and the 
gasification reaction in the 九。 furnaceare 
given in Fig. 2 and 3. It may be concluded 
from these results as follows. 
1) There are the optimum feed rates 
according to the scale of furnaces. The 
optimum conditions for the gasification and 
for the activation are approximately the same. 
2) The yield of cyclone dust and the 
average size of particles are directly propor同
tional to the feed rate， on the contrary， the 
activity and the ash content are reversely 
proportional to the feed rate. 
3) Sx and Sx+Sy， in either cases， are approximately proportional to the 
feed rate， however Sy is reversely proportional to the feed rate. 
Provided that the reaction temperature is throughly high， the increase of 
steam is in favour of the activation until the steam coal ratio becomes about 
0.5. As a general rule， however， the introduction of excessive steam resulted in 
the increase of the remaining steam and consequently the heat e伍ciencyis 
dropped. 








100 150 2DO 2'切
Fed 間十eK9/hr 
Fig. 3. Effect of feed rate on 
activation and gasification 
in 1ろ50furnance 
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generator and the degree of activity are measured for several samples. All these 
ones， however， are not of practical use. In these practices， since the operating 
conditions are regulated to manufacture a producer gas as a main product， ithas 
been found that the feed rate is too much to promote the activation reaction 
compared with the scale of furnace. 
The results of these experiments lend 90 
some supports to these above conclusions. 
2-2 Properties of cyclone dust 
2-2-1 The distribution in the nature 
of dust 
Cyclone dusts prepared in the con-
tinuous operation are sampled at random. 
The relations between the size distribu-
tion and the ash content， the activity of 
dusts are given in Fig. 4. This distribu-
. tion in the nature are unavoidable owing 
to the change of operating condition. In 
general， in proportion to the reduction 
of particle size， the ash content increases 
and the activity decreases gradually and 
there is a break point near the size of 
42 mesh. Judging from these experi幽
mental results， itmay be possible to 
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Fig. 4. Change in ash content and activity 
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Fig. 5. Relations among ash content， sifting yield 
and activity of cyclone dust 
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more activated carbon with the less ash content by sifting alone as described 
latter. 
2-2-2 Relation among the ash content， the sifting yield and the activity of 
cyclone dusts 
In the commercial practice for a long time， keeping the operating condition 
within the allowable limits， several samples are sifted into three groups (x， y and 
z) corresponding to the sifting yield， Sx， Sy and Sz， as already mentioned and 
the ash content and the decolorizing power Ca 
are estimated respectively. Linear relations be- 60 
tween Ca and S， Ca and a (持)within each groups 
55 
are observed as shown in Fig. 5 and 6. In other 
50 words， the ash content and the activity are re幽
versely proportional to the sifting yield. Further- ~ 
more the activity is directly proportional to the . cl 45 
ash content. In turn these relationships may not 
always be observed among di旺erentgroups. And 4u 
it is di茄cultto observe these relationships for 
the powder finer than 42 mesh because of the 
thermal and mechanical pulverization and the 
change of operating condition. 
35 
X， 
20 25 30 35 
Q. % 
2-3 Preparation of the activated carbon by means 
of the separation and the purification 
Fig. 6. Relations between ash 
content and activity of 
cyclone dust 
For resulting particles the activity is found 
4u 
to be highest on the surface and lowest at the core. This phenomenon is ex-
tremely observed in a case of carbonized materials such as wood charcoal， espe“ 
cially coarse particles. 
2-3-1 Experimental procedure12) 
Several experimental apparatus are developed for trial. For example， the 
horizontal rotary drum made of wire gauzes， containing dust particles and por幽
celain balls， isrotated. In another example dust particles， containing within the 
vessel， are mechanically agitated as shown in Fig. 9 and rubbed 0妊asurface part. 
In addition to the above test， a porcelain ball mill (180 mmO x 180 mm)， containing 
100 g of dust particles and several porcelain balls (25 mmO x 20)， isrotated at 
60 rpm， being sifted by the Tyler screen at given intervals. 
2-3-2 Experimental result 
Cyclone dusts illustrated in Fig. 4 are sifted by wire screen of 42 mesh and 
surface grinding test are carried out for particles retained on 42 mesh screen. 
Changing the ratio of powder to core， the ash content and the activity are esti-
mated for each of these， as given in Table 3. For example， provided that the 
ratio of powder to core is 1.5， the powder and the core are 58.3% and 35% in 
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Table 3. Manufacture of the higher active carbon from activated parts 





Before washing with HCl solI After washing with HCl so!. 
C" [%] a ['/0] 五ItemMiltyi Cゲ[%]〆 [0，0] pH 








50.4 79.5 17.2 3.6 
51.4 
一一一一一一一一一一一一一 一一~ 一一一一一一一」一一 一一一一一一一一一一一一一一
Powder 必 8 28.2 50.5 75.5 18.7 3.5 
80 
Core 26.6 36.6 50.8 
the lower wi1 be the decolorizing power of either products. The surface grinding 
operation， coupled with the sifting operation mentioned before， has resulted in 
the development of a series of commercial plant separating only the higher acti-
vated part. 
2-4 The mechanism of the activation and the application 
When organic carbonaceous materials， being either semicarbonized or un-
carbonized， are gasi五edat the :fluidized furnace， ithas been recognized that in 
general the adsorptive behaviour of activated carbon prepared from resulting dusts 
are similar to the activated carbon by ZnC12， as given in Table 4. 
Table 4. Characters of several active carbons prepared from 
dusts made from di任erentmaterials 
a~e of I _ _ . I Method of I 
a lZs l M…ls一tivation(巧安門古干「pHltE品|出2|dELIly
Jlii71-f:日J ;:l:Jl::;
c i brown coal '" 5.0 25.2 i 10.2 I 3.0 I 40.0 ~ I 0.450 
D " " 5.0 I 14.0 I 3.7 I 5.0 I 81.0 I I 0.300 
E 1 charcoal " 5.3 0.5 6.0 15.0 附 I185 
:ltニ:teJih1213;:l;i:1;:い47
Stated in another way， in this case the carbonization and the activation of 
brown coal may be occured at the same time. The volatile matter and inherent 
water are suddenly evaporated as a gaseous state at the higher temperature during 
the initial stage and the steam and gases are penetrated into resulting pores during 
the subsequent stage. Being purified the resulting carbon surface， the porous 
structure should be highly developed. Consequently resulting pores during the 
(75) 
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initial stage are macro one. These pores contribute very litle to the surface 
area but serve as avenues of entrance to the interior. Micropores， being cha-
racteristic of activating carbonized materials， are developed in and around these 
macropores during the subsequent stage. Clearer views as to the nature of this 
mechanism may emerge from the results of further work which is in progress15). 
The present writer carried out various practical tests for the activated carbon 
prepared from lignite by means of the same process before this. Visual obser聞
vation also showed that these carbons are extraordinary in sugar re五ningand 
moreover are remarkable for decolorizing and deodorizing of animal and vegitable 
oils as already illustrated8). Furthermore in order to desulfur an industrial carbon 
dioxide and to purify the waste gas from factory， a process that the resulting 
granular carbons， corresponding to the part of core explained in 2-3-2， may 
be possible to serve in the fluidized state has been 
developed12) • 
Judging from the economic prospect and particular 
properties as described above， these activated carbons 
will be favourable to pretreating of dark colored solu-
tions， the decolorization and the deodorization of raw 
fatty oils (especially fish oil)， water and air puri五cation，
and also will be possible to practice over the wide 
range of industrial applications. 
3 Fluidized activation of carbonaceous 
materials by pretreatment 
with C12 gasll) 
3胃1The pretreating apparatus and fluidized activation 
furnace 
The industrial plant used in C12 gas pretreatment 
consists of several units in parallel and each unit is 
the moving bed reactor， being about 4 m in height 
and 6 m in diameter. In practice， asbestos slate pipes 
are connected with short lead pipe and slightly bent 
lead pipe is also used at the outlet as shown in Fig. 
7. C12 gas is introduced axially into the lower end 
of the vertical retort at the constant rate from the 
pressured reservoir. The capacity of each unit is 
possible to regulate the range between 100 and 400 
kgjhr， the contact time being about 10 minutes. This 
treatment is carrided out at room temperature at the 
start， however， sometimes it reaches to near 600C 
owing to the exothermic reaction. Crude granules are 
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rate being regulated by a continuous transmission. They are intimately contacted 
with C12 gas countercurrently. In order to prevent the leakage of C12 gas from 
the top and also to maintain the Clz gas content of materials nearly uniform， 
both the feed rate and discharge rate of materials are controled continuously. 
In a case of carbonized materials， since the primary activated carbons are 
pretreated with C12 gas by taking advantage of their adsorbability there are litle 
troublesome due to the generation of heat and the leakage. The consumption 
of C12 gas is the range between 2 and 4 per cent per unit weight of the primary 
carbon. 
In a case of pretreating such uncarbonized materials as woody lignite， sawdust 
and residual lignin， of course， the presence of water should be necessary. How-
ever， since the water of materials are evaporated due to the generating heat and 
is condensed at the top of retort， materials 
should be preliminarily dried to the water 
content range of 10 to 20;;0. The range 
of C12 gas consumption used is 0.6 to 1.2% 
per weight of feed materials. 
The fluic1ized activation unit consists 
of the refractory vertical reactor with a oil 
combustion chamber， as shown in Fig・8，
being about 5 m in height anc1 1.2 m in 
inside diameter. Since the results of opera-
tion have been already reportec111)12)H)， only 
the characteristics of this unit are sum-
marized as follows: 
a) This furnace is possible to feec1 
the finer granules anc1 to maintain these 
granules for longer time within the react幽
ing chamber. Consequently the c1ifference 
of activity between the insic1e anc1 the out-
side of granules may be minimized. Anc1 
also in spite of an internal heating system， 
1 combustion chatnbeγ 
Z oil burner 
3 steam， 2円 airinle七
ヰ亙ctivatingchambel 
5 f，rstιyc 10 ne 
6 5cγew feder 
ワ hopper
Fig. 8. Fluidized gasi五cationfurnace 
with a combustion chamber 
the combustion 10ss of materials may be minimized. It is thus possib1e to prevent 
the increase of ash content anc1 to increase the yielc1 of proc1ucts. 
b) The waste heat is highly utilized anc1 also the五nerc1ust of products is 
throughly recoverec1. 
3-2 The two stage gaseous activation of carbonized materials 
In general， the commercial charcoals consists of chars with wide variation 
in their properties owing to their sources and the di宜erentcarbonizec1 condition. 
Hence there is the di旺erenceamong the c1egree of activation， keeping activation 
conditions as constant as possible. In the primary fluidized activation， these 
charcoals are gasi五edslightly anc1 rec1uced the difference among these chars as 
(77) 
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Fig. 9. Flow sheet of sifting-and surface grincling-process 
much as possible. The primary activated carbon may be transfered to the second 
stage with or without sifting according to the content of dirty products. Ac-
cording to the nature and the size of particles， especially in a case of coarse 
particles， the primary activated carbon should be rubbed 0茸 thesurface part by 
the surface grinding apparatus and separated the grinding powder by sifting 
apparatus， as shown in Fig 9. The core is transfered to the second stage. 
By the introduction of these operations， scattering and excessive gasifying 
loss are minimized and the yield of products are increased， the property and the 
yield of products separated by sifting and surface grinding operation are given 
in Table 5 as a typical example. 
In the second stage the primary activated carbons are pretreated to the 
desired degree with C12 gas or chemical reagents that are generated C12 gas by 
thermal decomposition at higher temperature. The adsorbed quantity of C12 gas 
is evaluated from a weight increase. The more activated part is possible to adsorb 
C12 gas more and more than the less activated part. Thus in the course of the 
secondary activation， the latter is gasified more and more， in contrast to this， the 
former is controled the gasi五cationreaction by the aid of an adsorbed C12 gas. 
The adsorbed C12 gas penetrates directly into granules at the highest concen-
tration. Thus the activation is accelerated and carbon granules are puri五edsince 
the ash is partly converted into chloride and removed by sublimation. The range 
of feeding particle size is extended to use the finer powder of 80 mesh or less， 
because of developing these processes. Consequently the yield increases strikingly・
(78) 
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Table 5. Property and yield of products (Pj) separated 
by sifting四 andsurface grinding-process 
plrScoiedpuaFcriat E ted 
Yield for cyclone dust [ro] Property Ca (M .B.) 
g(P8) 1
L一三: (2 ) (3 ) (1 ) (2) (3 ) 
A 86.8 7.:3 57.5 80 84.2 75.7 
B 13.2 2.7 42.5 80 86.0 74.0 
C 32.0 2.5 25.0 87 92.1 85.6 
(14) (16) (13) 
D 47.0 45.0 15.0 59.1 6.1 43.3 
E十F 7.8 9.8 17.5 90.4 95.1 8.4 
(16i (19) (15) 
note (1)， (2): 3~4 mesh particles charged 
(3) : 4~ 15 mesh particles charged 
These processes are possible to practice continuously within a set of this 
furnace. Since a cyclone separator is maintained at the temperature above 850oC， 
the Clz gas may be introduced from a side wall of bottom into the dust collected 
m separator. 
3-3 The gaseous activation of organic carbonaceous materials 
Among the lignites， especially woody lignites are less ash content and are 
more activatable than coaly lignites. Therefore it is attempted to concentrate 
those by mechanical procedures such as drying， pressing， crushing and sifting. 
Let the range be divided into two class intervals， 4 to 15 and 15 to 50 mesh， 
corresponding to the average ash content 2.1 and 4.1 % respectively. These 
granules are dried by the flash drier to the extent of the water content between 
10 and 20% and are pretreated with C12 gas or other chemical reagents as men-
tioned above13). 
In practice， the operating conditions used in this process vary from 920 to 
10000C in activation temperature， 130 to 180 kg/hr in feed rate， 30 to 45 l/hr 
in h佃 veyoil consumption， 2 to 3 in air to lignite ratio and 0.25 to 0.3 in steam 
to lignite ratio. The pressure di妊erencebetween the oil combustion chamber and 
the top of the reaction chamber is ordinarily taken to be the range of 20 to 
40 mm in water column and the operating pressure at the outlet of the五rst
cyclone is regulated to be zero. The waste heat is used not only drying and 
semicarbonizing of materials， preheating of air and steam， heat to boiler， but also 
sometimes a part of waste gas is recirculated into the combustion chamber to圃
gether with an additional steam and air. Residual lignin (wood sugar) is also 
pretreated with Clz gas， being dried to the degree of water content 13%. Thus 
it is gasi五edunder the same reaction conditions as woody lignite. 
3-4 E鉦ectsof pretreating with Clz gas 
E百ectsof pretreating with Clz gas on the property and the yield of resulting 
products would be highly desirable， as given in Table 6. The development of 
(79) 
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Table 6. E妊ectsof C]Z gas on the activation of charcoal 
Particle 1 1 YIeld for l Property before washing 
計ZEused Pretreat l raw material l 
[mesh] [向 pH M.B Ca Cl' 且
2-30 13.5 9.4 15.5 86.0 3.2 
2-30 C12 14.4 7.4 15.0 93.5 0.06 1.5 
2-80 C12 16.9 8.0 14.5 91.5 0.04 2.1 
the activation method composed of the 2 stagεs resulted in an uniformity of the 
degree of activity， using relatively small amount of C12 gas. From the results 
of the surface grinding test by a ball mill， significant e旺ectswere noticed on 
either the uniform activity， the purity 01' the ash content of products. 
In a case of such organic carbonaceous materials as woody lignite and 
residual lignin， the effects of C12 gas on the activation are compared with or 
without the pretreatment of C12 gas while maintaining other variables constant. 
The results are shown in Table 7， where puri五edp1'oducts (P2) are puri五edcrude 
products P1 by washing with dil HCl and then hot water. 
Table 7. E妊ectsof C12 gas on the activation of organic 
carbonaceous materials 
r--T- I Yield for I Property 
Material used ! Pretreat I Product i charge I 一一一一
[%] I pH M.B. Ca Cl' Sm a 
LlgI1ml c12|F1114011037580 0110必 6.5
(woody) n 
1-"2 6.5 6.5 93 0.03 0.24 4.7 
Pl 14.3 11.0 7.5 71 0.70 8.0 
1-"2 6.7 7.0 88 0.42 5.5 
Residual C12 P1 16.0 10.5 7.0 68.4 0.13 0.65 !と;;:sugar)[i 九 I 6.5 7.0 附 0.03 0.25 
Pl 12.0 11.0 7.5 70.0 0.80 
九 6.7 6.5 85.0 ー 0.50
Table 8. Property of active carbons prepared 










Sugar so1. test 
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conc. 50 Brix pH 7.0 stammer color value 51 
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These data are shown more e旺ectiveimprovement in the properties， e.g. 
water solub1e matter， ash content， pH and deco1orizing power， etc. Some deco1-
orizing properties of carbons prepared by these processes are given in Tab1e 8 
in comparison with the other processes. 
4. Conclusion 
In the fluidized gasi五cationprocess for the preparation of active carbons 
from organic carbonaceous materia1s and their carbonized products， the e妊ective
procedure of pretreating their granu1ar particles with C1z gas in a vertica1 tube 
after sifting or/and surface grinding operation， was introduced. The results in-
dicated that both the yie1d and the qua1ity of cyclone dusts were improved， from 
which it has been ab1e to obtain uniformity in their activity at a minimum 10ss 
of C1z gas. 
From the operation data on fluidized gasi五cationfurnaces， inwhich pu1verized 
brown coa1 was gasified by using steam and air as fluidizing agents， the effects 
of operating condition on the gasi五cationand activation were derived. 
1) There are the optimum feed rates according to the scale of furnaces. 
The optimum conditions for the gasi五cationand for the activation are approxi圃
mate1y the same. The activation is remarkab1y acce1erated when Cd<ca. 3%. 
Based on the ana1ytica1 data on cyclone dusts produced in continuous opera-
tions， their characteristics were discussed. 
2) When dusts are sifted into three groups (x， y and z)， usually certain 
re1ations are observed to exist among the ash contents， the activities and the 
sifting yie1ds of these groups. 
3) In proportion to the reduction of particle size， the ash content increases 
and the activity decreases gradually. In each particle， the activity is found to be 
highest on the surface and 10west at the core， so that it is possib1e to prepare 
higher active carbon by collecting more activated parts ground away from the 
surface of these particles. 
The effects of pretreatment with C1z gas on the activation were a1so described. 
4) For carbonized materia1s 1ike charcoa1， the primary activated products， 
with or without sifting and surface grinding procedure， are treated with C12 gas 
according to their adsorptive abi1ity， and then the secondary activation is followed. 
5) For such organic carbonaceous materia1s as 1ignite and the residua11ignin 
in wood sugar manufacturing， etc.， 1ignin is ch10rinated in the presence of 10-
20% moisture. Thus the reactivity is increased and the activating reaction is 
promoted. 
(Received May 10， 1971) 
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Nomenclature 
A : sectional area of fluidized furnace 
a : ash content of dust or/and before washing with HCl so1. 
a' : ash content of dust after washing with HCl so1. 
Ca: caramel decolorizing index or/and before washing HCl so1. 
Ca': caramel decolorizing index after washing with HCl sol 
Cd : average concentration of particle 
G : grinding yield 
MB: methylene blue t巴st










P300， P印O，P750: 自uidizedgasi五cationfurnace of retort dia. 300， 500， 750 mmゆ
P1， P2: Product before and after washing with HCl so1. (一)
S : sifting yield (Tyler's standard screen) (%) 
Sd : decolorizing index for sugar so1. (%) 
S明: water soluble matter in product (%) 
t" : average holding time of particles 
V : volume of fluidized gasification furnace 
Vd : volume of fluidized particles 
Wa: weight of fluidized particles 
Y， Y': yield of cyclone dust (observed， calculated) 
ザ: efficiency (cold) 
Subscripts 
x: particle retained on 24 mesh screen 
y: particle retained between 24 and 42 mesh screen 
z: (=x十y)particle retained on 42 mesh screen 
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The properties of primary activated carbon of Texaco (A and C) and Fauser (B) processes 
should be different owing to the structure of furnace and operating conditions. These are similar 
to the cases where were gasi五edsuch carbonaceous materials as charcoal， lignite and brown coal 
by fluidized activation as described before. The operating conditions are conclusively effected on the 
nature of dusts. Therefore， these efects of a secondary activation on adsorbability and other 
properties should be influenced by the source of primary products， especially the operating pres-
sure of the previous stage. This paper was discussed the mechanism of gaseous activation， 
comparing the properties of carbons being examined (petroleum cracked carbons) before and after 
the secondary activation. 
1 Introduction 
In recent years， ithas been attempted to utilize the carbon that is essentially 
formed by the cracking of various hydrocarbons under conditions of incomplete 
combustion in the course of manufacturing a hydrogen gas. Since 1947， the 
present writers have been developed a series of the commercial plant separating 
the more activated carbon from the cyclone dust that is produced by the internal 
heating fluidized furnace from such carbonaceous materials as charcoal， lignite 
and brown coal as reported before3)-6). In 1948， this process was started with 
Mitsui chemical Co. Ltd. in its endeavor to pioneer the fluidized bed reactor as a 
patent process1)2). Judging the resulting data by comparison， similar experimental 
trials had been carried out in a certain Winkler generator. The following co距
clusion has already been reported in the previous paper3). 
The operating conditions are conclusively e宜ectedon the nature of dusts. 
There are the optimum feed rates according to the scale of furnaces. The 
optimum conditions for the gasification and for the activation are approximately 
the same. The operations of al these processes are carried out at an atmospheric 
pressure. The Texaco and Fauser processes are similar to our process except 
that feed materials are replaced the carbonaceous solid materials by the hydro圃
carbon oils. The Texaco process illustrated in this paper is operating under 
pressure Therefore it has been attempted to activate secondarily these primary 
activated carbon by the method similar to the ordinary gaseous activation. 
2 Experimental apparatus and its procedure 
2-1 Sample 
In order to solidify， suitable quantity of water is added to the cracked carbon 
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produced from different operating conditions， corresponding to A， B and C Co. 
Ltd.. Properties of these primary activated carbon are il1ustrated in Table 1， 
where A and C are the products of Texaco 
process and B is a product of Fauser process. 
2-2 Activating apparatus 
Diagrammatic apparatus for activation is 
shown in Fig 1. The reaction tube is made of 
quartz， being 3.5 cm in diameter， and 1 m in 
length. For the purpose of preheating， uniform 
distribution of activating gas and supporting 
a sample， the rolled stainless wire screen are 
arranged about 45 cm in length below the sample. 
The sample is dried at 1050C for 48 hours 
and then the sample of about 15 g is charged 
into a reactor encircled by an electric furnace. 
The rising rate of temperature is regulated at 
50C/min， N2 gas passing through， until it reaches 
to a certain temperature. The activating gas 
are passed through it at a constant flow rate 
of 2 l/min for a given time. The quantity and 
the analysis of generated gas are measured with 
the wet gas meter and the gas chromatographic 
Fig. 1 Secondary activation 
apparatus 
1 : Furnace 2: Reactor :3: Sample 
4: Supporting wire 5: Heater 
6: Reservoir 7: Steam generator 
8・Cooler9: Thermocouple 
procedure respectively. And the secondary activated carbons are estimated for 
the following items. 
Table 1 Propertie8 of the primary activated carbon for comparison 
A B C 
Ignition 108 ?も 0.5 0.4 0.4 
PH 7.9 8.7 8.0 
Specific五lterability ?も 97.0 26.0 63.0 
Decolorizing power MB c 7.0 19.5 12.5 
Caramel ?も 73.2 91.2 80.8 
Sugar so1. うも 65.0 83.6 68.3 
c. f By testing method of T AKEDA Co. Ltd. 
2-3 Benzene adsorption test 
Benzene adsorption test is carried out by the quarz spring balance8) supported 
within a thermostat at a constant temperature of 20oC. Being exhausted the air 
for about 4 hours by a vacuum pump， the increase of weight are measured by 
the cathetometer， while maintaining at the constant concentration of benzene 
(220 g benzene per Nm3 air) for 30 min. 
(84) 
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2-4 Methylene blue test 
Place 0.025 g of the dry carbon being tested in a 100 ms beaker. Add 25 ms 
of methylene blue solution of a given concentration (3，-，6 x 10-4 mol/.~)， stirring 
for 25 min at 200C and五lterit by a suction. The light transmitted through the 
五ltrateare measured by the photo.胴
electric colorimeter (五lter:655 mμ). 
2-5 Relative true density 
1t is extremely di伍cultto me-
asure the true density of activated 
carbon exactly. Because of this， in 
this paper， itis necessary to com-
pare the true density of a carbon 
being examined with the true density 
of a reference carbon that is kept 
as a standard for comparison. A 
mixture of the dry carbon being 
tested and the distilled water is boiled 
for an hour and五lterthrough a 
Whatman paper. Again dry it at 
1050C for 48 hours. Place this car-
bon in a pycnometer and add a dis-
tilled water. Allow a mixture to 
stand for 24 hours after stirring. 
Thus the relative values of true den-
sity are possible to calculate from 
the observed data. 
3 Experimental result and 
its discussion 
3-1 Effects of the activation tem-
perature on the yield， the ad-
sorptive capaεity and the true 
density of the secondary acti-
vated carbon 
These relations are given in Fig. 
2 and 3. 1n proportion to the rise 
of temperature， the yield of the s印刷
ondary activated carbon decreases. 
The relation between the activation 
temperature and the yield is approxi-
mately the same in the activation by 
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(85) 
is a break point near the temperature of 
8500C. However in a case of N2 gas， no 
significant e証ectsare noticed on the activa明
tion. This is probably due to the gasi-
五cationreaction. 
The relation between activation con喝
ditions and CO gas (%) generated in the 
COz gas activation of the primary activated 
carbon (C) is given in Fig 4. With the 
rise of temperature the equilibrium of the 
reaction， C + C02~2 CO， isadvanced to・
ward the right hand. It is thus noticed 
that there is a intimate mutual relation 
among the per cent of CO gas generated， 
the decrease of yield， the increase of ad-
sorbability and true density. 
The primary activated carbons have 
been already activated at the temperature 
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Hiroshi Yanai 
temperatures above 9000C the existence of 
a trace H2 gas is detected at the beginning 
of these activation， as shown in Fig. 5. The 
amount of H2 gas decreases with the passage 
of time and this completely disappears after 
30 minutes. 1n view of this fact， itmay be 
pointed out that the pores of the primary 
activated carbon are blocked up by the higher 
hydrocarbons at the end of the formation 
and these hydrocarbons are decomposed by 
the gaseous reaction. This may be one of 
the most reasonable clue to explain the me・
chanism of the increase of adsorptive capa也
city by means of the secondary activation3). 
3-2 Effects of the activation tirne on the 
yield， the adsorptive capacity and the 
true den日ityof the secondary activated 
carbon 
These relations are shown in Fig. 6. 
The yield extremely decreases from the be回
ginning til 60 minutes of activation， con・
versely both the adsorptive capacity and the 
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sieve 5A， Carrier gas: He 30 mIJ/ 
min，40oC 















ハ一一一---01ムハ戸日日一一~~ 35 十~jO.61 支
日日日""-" I'NI 
lミs>
-・・古 I~Iへ~-戸ー ，.-.， ._， 
戸古一' 〆.0-1:>1:;'1 五日---. 1~I ，H98~ 
に l匂" -1 <:51':>'1、J
_仇I~I




~I ミ I ~ 
30H31 I豆
匂Id96r-
~ ~ ~ m 
Activatiofl time (Min) 
Fig.6 E妊ectsof activation time on 
the yield， adsorbability and 
true density (Relative)， CO2 
gas activation 9150C of the 
primary carhon C 
0-: Yield .....O~ ~~.: Benzene 
adsorbed ム:M B adsorbed 
口一 Truedensity 
the activation time is noticed a litle effect on these properties. According to the 
economic consideration and the purpose of applications it is necessary to deter-
mine these activating conditions. 
3-3 The primary activated carbon and the efficiency of the secondary activation 
Comparing the properties of carbons being examined (A， B and C) before and 
after the secondary activation with the properties of a reference carbon that is 
kept as a standard for comparison， the 
calculated relative values are illustrated in 
Fig 7 as the e伍ciencyof the secondary 
activation. The cracked carbons of the 
Texaco process are superior to the another 
one in the term of this e伍clency.
The properties of the primary activated 
carbon should be different owing to the 
structure of furnace and the operating con聞
ditions. These are similar to the cases 
where were gasified such carbonaceous ma-
terials as charcoal， lignite and brown coal 
by the internal heating fluidized furnace2)-6). 
The carbons of A and C are produced under 
considerable pressure by the Texaco process. 
















A B C A B C A B C 
Beflzene日おorbed M 8 True density (~斗
(010) odSOr，ちed(%)
of A it is consequently possible to recognize Fig・7 Eff巴ctsof the secondary activation 
that the oil is excessively feeded per inner 
volume of reactor beyond the optimum feed 
rate. The carbon of B is produced at the 
ordinary pressure by the Fauser process. 
on the sources of primary acti-
vated carbons 
A， C: Texaco prQcess 
B: Fauser proc巴s
The operating conditions in these cases seem to produce some significant e旺ects
on the e伍ciencyof the secondary activation， although these are not possible to 
(87) 
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know in datails. One may be expected the intimate relations between the pressure 
operation and the production of the enclosed pores with higher hydrocarbons. 
However， further investigations are necessary on this subject. 
3-4 X-ray diffraction analyse and electron microscopic photograph 
The results of X-ray diffraction regarding the carbons (C) before and after 
the activation are illustrated in Fig 8. Since the primary activated carbons are 
produced at temperatures around 1400oC， no change is noticed in the structure 





Fig. 8 X-ray di任ractionphotograph of 
the primary (X)， the secon'dary 
(Y)， crude activated carbon (C)， 
charcoal (W) and graphite (Z) 
Time const. 1， Multiplier 1， 
Ratemeter 16， 30 KV， 15 mA 
Fig. 9 Electron microscopic photograph of 
the primary carbon (C) (X) and the 
S巴condaryactivated carbon C (Y) 
The electron microscopic photographs for the same sample are shown in 
Fig 9. According to these photQgraphs， itis con五rmedthat carbon particles are 
congregated each other to a considerable degree as the result of a secondary 
treatment in either carbons of A， B and C. At the end of the period producing 
so-called amorphous substances having the porous structure the pores of the 
primary activated carbon are blocked up owing to the higher hydrocarbons de開
posited on the surface during the cooling stage of exit gases. For this reason， 
the adsorptive capacity is greatly reduced. However these deposited hydrocarbons 
(88) 
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are decomposed and gasi五edin the course of the secondary activation3)7). Con-
sequently the removal of the hydrocarbons is supposed to leave the carbon sur同
face free to attract and adsorb other subst国 lcesand then these carbons show a 
tendency to the formation of an assembly， because of the attractive force of 
carbon particles themselves. Thus the surface area is increased and a tremendus 
porous structure is developed. 
4 Conclusion 
The utilization of Texaco and Fauser cracked carbons (now called primary 
activated carbon) with a五xedbed reactor by the treatment of oxdizing agents-
steam， air， carbon dioxide was studied. The mechanisms of this secondary 
activation were also studied with reference to the results of X-ray di百raction
analysis， electron microscope and other physical adsorption techniques. The 
results are as follows: 
1t is possible to recognize that to a large degree the activity of primary 
activated carbons depend upon the gasi五cationcondition of crude petroleum， as 
well as charcoal， lignite and brown coal described in the previous papers and 
the mechanisms of a secondary activation are covered by a preferential oxidation 
of hydrocarbons which had been deposited on the surface during the previous 
stage. Therefore， these effects of a secondary activation on adsorbability and 
other properties are influenced by the source of primary products， especially the 
operating pressure of the previous stage. According to electron microscopic 
photographs， itis confirmed that carbon particles are congregated each other to 
a considerable degree as the result of a secondary treatment， and thus the surface 
area is increased and a very porous structure is developed. 
(Received May 10， 1971) 
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Studies on the E旺ectiveInterfacial Area in the 
Batch Horizontal Stirred Vessel 
Koji Ando， Masahiro Hachiyanagi， Noriyoshi Naito 
and Hideaki Tabo 
Abstract 
These studies were made on the transfer rate of oxygen into sodium sulphite solution in 
the presence of Cu+ート or Co→+ catalyst in the horizontal stirred vessel. 
Aparatus used were cylindrical vessels， sized 15.0 cm in diameter， agitated by turbin type 
impellers. 
Results obtained were as follows: 
1) In the state Al' in which the liquid is splashed violently by the impeller in the vessel， 
the effective interfacial area is obtained to be linear with Froudo No. 
















亜硫酸ソーダ水溶液(初濃度0.1moljs) 純酸素系であって， Cu++イオン(10-4mol CUS04/め
を触媒として液相の物質移動が律速となるような条件下で、液相物質移動容量係数 kLaを求め，
また， Co++イオン (10-4mol CoC12/s)を触媒として，反応律速で液相物質移動係数位が計算































































f1pとOの関係 (Cu'ι 触媒)第2図圧力 Jpと操作時間 θの関係の一例を示し
た。 Co+↓イオン触媒の場合は Cu寸斗イオン触媒の場合と異なり，槽内圧力の変化速度は操作時
吸収速度は亜硫酸ソーダ、濃度に依存することとなる。第4図はしたがって，間と共に減少し，
前項 III.1に準じてへンリ 定数万=7.80x105 atm・cm3/mol02として，第3[ま|の関係から，




































































の γがFキf と近似出来る条件 (s>3)を各データについて確認した。 ここで長は反応速度定
数，Dfは吸収液iやの酸素の拡散係数である。




















































10-1 10' 10' 
八件 〔ー〕
第 6図 ι と lVB:，の相関 (ε=0.3~0.7)
B状態のデータは， $=0.6のみであり，液量:率の影響は明らかでないが，その流動状態





注1. 本実験のレイノノレズ数とフノレー l数の範閣は，_i\TReニ 4X104~7xl05， λ11<'，.=0.07-20 である。
































第7図 KG と lÝFr の相関 (ε =0.3~0.7)
加藤8)らは，気液流動層の総括物質移動容量係数を亜硫酸ソー夕、一空気系について求め，
気泡の大きさにかかわらず KGキ9X 104 kg.mol/m2.hr.atm=2.5x 10 8 mol/cm2・sec'atmとな
ると報告しており，本実験で得られた KGと同じオーダーを示している。
IV. 結 且ー= 1=> 
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The Geochemical Study on the Minor Constituents in Bones (VIII) 
On the Relation between the Manganese Content and the Age 
of the Bones from the Cites in Hokkaido-the Ponnai， the 
Kitakogane， the Wakkaoi， the Etomo， the Rebunge， 
the Takasago， the Usu and the Sakimori 
Nobuo Shimoda 
Abstract 
A new age-indicator fo1' bones in its manganese contentフ whichincreases remarkably in the 
course of geological ancl archaeological time， has been proposecl by the author. Points plottecl 
in a sheet of log. paper together with the geologically and archaeologically presumecl time and 
their manganese content of bones from the several c1istricts of Japan ancl Taiwan give a smooth 
curve. The samelike relation has been founcl for the bones c1ug up from the foreign countries. 
Moreover， the reliability of this methocl has been testecl. 
1n consicleration of the relation between the manganese content ancl the age of the bones 
founcl in the cite in Hokkaiclo-the Ponnai， the Kitakogane， the Wakkaoi， the Etomo， th巴 Rebun-
ge， the Takasago， the Usu ancl the Sakimori一， the kincl of ancl the content of shells in the soil， 
ancl the pH ancl the manganese content of the soil which the bones were dug up from have 
been taken into account. The manganese content of bones which were dug up from the soil 
(about pH=9) including the shells of oyst巴ris smaller than that manganese content of bones 
which were c1ug up from the soil not including them. And， the bones dug up from the blackish 
soil at Sakimori which does not inclucle the shells， contain more manganese than the bones dug 
up from the soil which c10巴snot include them 
If the manganese method is appliecl to the bones dug up from the cite in consicleration of 
the kincl of and the cOIItent of shells in the soil which inclucles the bones， the appearances of 
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m マシガ〉含量
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IV-1. ポンナイ， 北黄金， 若生は 4，000-6，000年程度のほぼ同時代の混土貝)習をふく
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The Geochemical Study on the Minor Constituents in Bones (IX) 
On the Relation between the Manganese Content and the 
Age of the Bones from the Foreign Cotintries III 
Nobuo Shimoda 
Abstract 
A new age indicator for bones in their manganese content， which increases remarkably in 
the course of geological and archaeological time， has been propos巴d by the author. Points 
plotted in a sheet of log. paper togethor with the geologically and archaeologically presumed 
time and the manganese content of bones from the several districts of Japan and Taiwan give 
a smooth curve. The samelike relation has been found for the bones dug up from the foreign 
countries. The newlyァ obtainedmanganese content-age curve-2 for the bones of the foreign 
countries runs under but in parallel with the curve-l which was proposed by the author in the 
prevlOus reports. 
The manganese contenトagerelation of bones of the Haua Fteah series deviates from curve-2， 
and their manganese content of the bones decreas巴dwith the lapse of the age determined by the 
carbon-14 method. The fact that the reliability of the manganese method will not be damaged 
by this exceptionじanbe explained in consideration of the appearances of bones， and the pH and 
the manganese content of the soil from which the bones were dug up 
The relation between the manganese content of bones of SA， NA， BM and additional EA 
and S series and their age will not damage the reliability of the manganese method being the 
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Sample Locality Age. Description Mn content (%) 
2-5 Haua Fteah 0.050 
2-6 0.026 
Soil 







4-1 23000 0.0202 
4-2 0.0094 
4-3 0.0150 
5-1 27000 0.0046 
5-2 0.0054 
6-1 33000 0.0089 
6-2 0.0055 
6-3 0.026 




cu 8-1 Haua Fteah 39000 0.0074 
8-2 0.0177 
8-3 0.038 
9-1 44000 0.0102 
Soil o.on 
10-. 1 41000 0.0100 
2 0.031 
11-1 44000 0.0070 
Soil 0.050 
12-1 44000 0.0079 
12-2 0.0166 
Soil 0.066 






14-1 80000 0.0021 
14-2 0.0163 
Soil 0.056 






North Africa Seiers 
NA 119 Lake Chad， Late Lower Pleistocene/Early Mid. Pleistocene， Bone， 2.83 
NA 120 " " Lower Pleistocene Elephas africanus dentine 2.25 
NA 121 " " "" Loxodonta africanus dentine 0.345 
NA 122 " " Early Middle Pleistocen巴 Elephasatlanticus dentine 0.167 
NA 123 " " "" " Elephas atlanticus bone 0.178 




Lower or Middle Bleistocene Crocodilus bone 
Lower Pleistocene Bone frag. 
Villafranchain 











































水 Thesurface of this bone is disconstructed. 
Miscellaneous 
BM 1 Selsey， Sussex， England 
BM 2 Isle、入Torth，London 
BM o' Tornewton， Reindeer Stratum 
BM .4 Tornewton， Glutlon Strayum， 
BM 5 Tornewton， Hayaena， Stratum， 


































Lote P-Lole p/eistocene 
Up.-Upper p/eisfo叩
ルグLゃ-Mid/Upp/eisto叩ne
Mp. -Midd/e p/eislocene 
しう//a.-Wlo斤rmchm刀
Lp. -Lower p/eistocene 
pj-Pliocenθ 
骨の中の微量成分に関する地球化学的研究 (rx) 
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Year 
Fig. 1. The relation between manganese content 
of bone and its age. 
IV. 考察





Haua Fteahの骨に付着していた土壌が少量なので正確には測定しがたいが， 土壌の pHは，
新しい方の年代の骨に付着していた土壌の pH7.2から古い年代の骨に付着していた土壌の pH
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と小さく出る可能性もありうるが，骨について何も記載がないのであきらかなことはいうこと
が出来ない。
IV-4. EA， Sおよび BM系列の骨について
前報の試料は粉末でおくられたものであるが，同じく大英博物館から骨片のままおくられ
た， EA系列の 1個， S系列の7個， BM系列の8個のマンガン含量の分析値を加えた。 BMと
いう記号のみは，こちらで任意につけたものである。 BM系列の骨の年代として， Last inter-
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The Hydrogenation of Ethylene on the Platinum 
Catalyst as Electrode (Part 2) 
On the Pressure of the Catalyst Surface of 
Platinum Net during Reaction ー
Keikichi Fujikawa 
Abstract 
Taking into the consideration of the term of the pr巴ssureof hydrogen on the catalyst surface 
during the reaction， the theor巴ticalrate equation of the hydrogenation of ethylene has introduced 
on the basis of th巴 hypothesisthat the dissociative adsorption of hydrogen is rate-determining. 
1t is discussed that the applicability of the theoretical equation to the experimental results 
obtained from the hydrogenation of ethylene in the aqueous solution of sulfuric acid on platinum 
net catalyst as electrode. In conclusion it is found that the rate of the hydrogenation of ethylene 

















1) H+十e-<="H (a) 
2) Hz<="2H(a) 
3) C2H4戸 C2H4(a) (1 ) 
4) C2H4(a)十H(a)""C2Hs(a) 
5) C2Hs(a)+H(a)詳 C2H6
ここで (a)は吸着状態にある化学種に付けられる。 すなわち電位決定に直接関与するのは， 1) 
の過程であり，またエチレン水素化反応、が定常的に進行するのは， 2)， 3)， 4)及び 5)の全過程を
経る。
1)の過程が平衡にあるとすれば，電位 Eは，
RT E = Eff(a)一一F一lnaH(a) (2 ) 
ここで E~(a) は aH(a)=1 のときの電位， aH(a)は吸着水素活量及び他の記号は通常の意味で用
いる。 aH(a)は，必要に応じて吸着水素と平衡にあると考えられる触媒表面水素の圧力 P"[f， に
よって表わすことができる。
RTlnaH(a) =今-pr(a) (3 ) 
u!:z LT'~'. RT 
Z よさ一_poI(a)+ヲーlnPl!' (4 ) 
ここで μF，μF(a)はそれぞれ表面水素， 吸着水素の標準化学ポテンシアルを表わす。 (4)式を
(2)式に代入して，
1 / u!:' u ，~，\ RT E= Er(a) ーニ{よ~--f!!!(a) 1一一一 lnP"[f， 
F ¥ 2 ru I 2F 
【 RT= E!:，-':'一一lnP"[f， 
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????? ( 9 ) 
ここでpδは化学種。の活量に反比例する量とおける。 また L，Rは各素反応、の原系及び生成
系を示す。 従って定常的水素化反応の律速段階を 2)の過程であるとすると， 理想気体の近似
により次のようにおける。
paL P~， 
pδR - Pl!' (10) 
よって (10)式を (9)式に代入して，





V=k→[PJ!'-exp (害)] (13) 





EC二 eledrodece/ E ; ethy/ene in/et 
G.C ; gas chromafography H; hydrogen in/et 
C.P ; circu/ation pIJmp N; nitrogen inlet 
I/.p ; vocuum pump 0 ; gasoutlet 
G忠、 buretof gos 骨、 2waycock 








れは Harioガラス製で A及び Bには白金ブラック白金をスパイラルにした電極を入れてあ
る。測定操作は二つの方法がとられた。温度はすべて室温である。
A C B 
図-2 電極容器 a，b， c， d， e;glass五lter













































ふ: 2回処理 +， X: 数回処理 図 4 触媒電位の時間変化
。
× 
⑨ d 8 














X，④，⑨: 水素処理，それぞれH2S041 N， 0.3 N， 0.03 N 
十，/!';: エチレ γ処理，それぞれ H2S041 N， 0.05 N 
(121) 
514 富士川計古
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T * 20 
τ 
」一一一一一一一一。 ー OO L 0.2 0.4 0.6 
D 0.2 0.4 0.6 
PC2H.‘(atm. J 一一千 PCZH4 (otm) 
図~6 触媒電位の組成依存 図 7 触媒電位の組成依存
1 N-H2S04 0.03-0.05 N-H2S04 
図-7に示す。触媒電位はエチレン分圧の変化に応じて，反応中に正または負に移動する場合と










VIJ =与(CH，_C，;f，) (14) 
ここに D は拡散係数で， これは多くの気体について -10-5cm2・sec-1としてよい。 oは拡散
層厚さで、概ね _10-3cmとされる5)。 また CH" C!f，はそれぞれ漆液本体及び表面での水素の
濃度である。濃度の計算には， Henry定数是=7.76x1046)を用いる。結果は，vn=10-5-10-6 
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合，次の式が最良である。
v = k+(P{f， -P~，) P'F: (15) 







1 N-H2S04 ④: 水素処理 ④ー: エチレン処理
ぐ"y
図 9 (15)式によるプロット
(@J，0: 水素処理， 0.3 N， 0.03 N， -H2S04 
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The Geochemical Study on the lnorganic 
Constituents in Marine Organisms 
The Content of the Cupper， the Lead and the Zinc 
in the Shellfish of the Coast of Hokkaido 
Hirotoshi Tanaka and Nobuo Shimoda 
Abstract 
The purpose of this study is to know the mechanism of concentratIon of the minor inorganic 
constituents into marine organisms by considering the content and th巴 stateof their constituents 
dissolved into sea water. 
In this report the variation of water quality which was given by th巴 influenceof th巴 water
of acidic river flowing into the Funka Bay and of the industrial effiuents and the cupper， the 
lead and the zinc of the marine organisms-middendor伍， yessoensis， Paphia philippinarum sachalin-
ensis and grayanus-are studied. 
The fair difference of the cupper， the lead and the zinc content of sea water of the coast of 
several district was found. And the following fact has been found that the zinc and the lead 
content of grayanus increased with the size of the shell and middendor伍 containedthe large 
amount of the cupper compared with the other shell五sh. The content of the minor constituents 
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|遠沈 l 1 l 海 水(海 )乾燥体生肉中 濃縮係数地
(cm) (ppm) I (ppm水) I (ppm) I (ppm) 
0.005 0.0025 14 2.2 1.1 X 102 
0.005 0.0025 18 2.9 1.5X 102 
(小) 0.005 0.0025 17 2.7 1.4X 102 
7x4 0.005 0.0025 27 4.3 2.2X102 
9X5 0.005 0.0025 45 7.2 3.6X102 
13x6.5 0.005 0.0025 94 15.0 7.5Xlu2 
(小) 6.8 1.1 
12X6.5 0.0009 
lOx5 0.0009 
llxll 0.0009 8 1.3 
8x8 0.0009 7 1.1 







16X16 0.007 0.0063 9 1.5 2.1x102 
14X44 0.007 0.0063 12 1.9 2.7X102 










海 水 1遠 沈|世同体|品市 iコ|
1 (海水)!刊蹴 1=門 |濃縮係数*
(盟旦~)~_I_(pp旦L以盟虫_)_I (盟竺U一一一-
0.0020 ¥ 0∞15 1， 12.4 2.0 I 10 X 002 
::lc:;J:U6;|ぷ;
.0020 ! 0・0015 1 9.8 I 1.4 1 7x 102 
.0020 0.0015 1 7.0 1 1.1 1 6 X 102 












































???? ? ? ? ??
4.4 I 18x102 
8.6 I 34x102 
1.0 4x 102 
0.9 4x 102 
0.9 i 9x 102 
0.9 I 9x102 
0.8 I 4X102 
1.0 1 5x 102 
0.8 1 4x 102 
1.0 1 10x102 
0.7 7x102 
0.8 1 2x102 
0.9 1 2X102 





































0ωI 0仙 2 I 63 
0.030 0.00063 I 158 
0.030 I 0.00063: 212 













5.1 X 103 
8.2x103 










料 4-5gを精秤し，硝酸一過塩素酸にて有機物を酸化し， メスフラスコにて 100m.eに合せ，
pH=lに保った。 これを原子吸光分析法にて測定した。 検量線の作成には貝の主要元素4)と
一致する様に標準液にその硝酸塩を加えた。海水の場合は試水1sを pH=4.2に保ち，5m.eの
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A Method of Solving Some Problems in Structural 
Mechanics by Means of Finite Integration Transforms 
Sumio G. Nomachi， Kenichi G. Matsuoka 
Abstract 
This paper presents inversion formulas coupled with a五nitesine and cosin巴transformswhich 
are de五nedby五niteintegration， together with the related formulas by which the五nitedefference 
equations can be solved in a similar way of the integral transform method. 
As an iIustrative example the elastic analysis of the Warren truss of 11 pannels is treated and 
the convergency of五niteelement method of triangular elements， which are applied to the plane 
stres problem and plate bending problem， isanalytically con五rmedby the aid of the presenting 
method. 
1. Introduction 
The de五nitionof “Finite 1ntegration"， according to G. Boo1e1l， inthe inverse 
operation of “Finite Di百erence". The五niteintegra1 of a function with a certain 
kerne1 defines a五niteintegra1 transform， simi1ary the五niteintegration wou1d 
yie1d a五niteintegration transform. 1t is a well-known fact that the integra1 
transforms p1ay an important part in the fie1d of continuum mechanics， so the 
五niteintegration transforms are supposed to be a some too1 for the stress analysis 
of the fram work structure， and grid work structure. 
We can extend the method to the analytical evaluation of the五nitedi[ierence 
system which is made from the continuum elastic body by the finite element 
method. 
2. Inversion Formulas with Respect to Finite 
Sine and Cosine Series 
(a) The Formulas for the Function of 1nteger x 
沖 (x)]= I:l1f(x) sin子zM，
qい)]=bz)m47z
(2. 1) 
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Ro[f同]=引qレ(x)]+すf(n)+すf刊
Riレω]=0.レω]+(一寸f(n)+tf仰)， 
R70い)]=引仲(幼]+(-1寸f(n)十~ f(O)} ， 
i=O，l"'，n; x=O，l，"'，n. 
(b) The Formulas for the Function of x+す
Let us introduce the symbolic notation as 
s十(x寸)]= f:f(X寸)s斗(x寸)， 
C.[f( x寸)卜f>'(叶士)cosi17 (x+士)






3. Related Formulas 
(2. 3) 
(2.4) 
For convenience sake， let us define the modi五edmean and the modified differ蝿
ence as follows 
f(x十 1)+ f(x) = Pf(x) ， f(x+ 1)-f(x-1) =ギ(x). 
Applying the above formulas to the五rst，the second differences， the modi五ed
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叫ん-~ )]= -2 sinヂ十(x+叫 (3.3) 
島村x-+)]= 2co会咋(x寸)]， ~.~ 
zdγ(x-+ )sinヲト寸)=sサヤ(す)-i1f(す)
(ー一仰い-+)一的ーを)}-DiSi朴寸)]， (3. 5) 
かト寸ド寸(x寸)=sづ{(-l)ii1f( n-~ ) 
-i1f(す)}-2 s斗 c十(x寸)]， (3.6) 
Si[叶 =-2sサ咋x)]， 
S+7f(X)] = Sサド0)一(-l)1'(n)}+ 2 cosか[f(x)]， (3.8) 
and for the cosine transforms， 
Ct[附-十(一判明日)-i1f(O)-DiRt川 ， (3.9) 
ベ州]=一(ー幻4仰ー l)-i1f(O)+ (l+COSラ){(-l)1'(n) 
-f(叶2mh川， (3. 10) 





一(一川n-~)}+2S斗ι [f(叶引] ， (3凶
(133) 
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e.[L1f(X)卜-∞sまい)-(-1)仰)}仇サ叶十 (3.15) 
e.[L1f(x)] = 2 cサベル)] (3; 16) 
where 
ム=2(1一cos引
4. Analysis of the Warren Truss 
As an example， let us consider the Warren truss as shown in Fig. 1， U and 
w denote the horizontal and vertical displacements at a nodal point respectively. 
Az， Au and Aa are the cross sectional ar回 sof the lower chords， the upper 
Fig. 1. 
chords and the diagonals， and んん representthe lengths of chord members and 
the diagonals. 
Then the stresses of the members are related with the displacememts by the 
following equations 
where 
Sr.r+l = Sr→1・T 口 K1(ur+l-Ur)，
Sr+!・9・守口 Sr+!・rサ=Kz (Ur+!-Ur+i)， 
Sr寸口Sr十ト =K3{(u吋 -Ur)α一(Wr+き-W川，
Sぺ =STート=ι{(Ur-Urーさ)α十(叫一肌-i)s}， 
kl EA，kzEAι K.= EA =一一一土 - ---'， 1¥.3一一一一ι，α=cosθ， s=sin O. 
え え A
(4.1) 
And the伺uilibriumωrcesat the nodes r and件土 writtenin， for the 
horizontal components 
(134) 
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Sr叫 1-Sr.r-l + (8γ 吋 -Sr.rー占)α+Hγ
=K1A弘・_1+K3α2(17Ur--2ur) 
-K3，αμWr-~+Hr = 0， (4.2) 
Sr+!-S，・サァ1!+(Sr+!・T十音-Sr'r吟)α+Hr+き
= K2A2Urーさ+K3ri(17 Ur -2urサ)
+K3αsAwr+H，→= 0 (4.3) 










Sr. ， -， I .付r 目
p，. 
in which H， P are the external forces acting at 
the nodal point. 









K1AuO + K30'.2i吟 -'-uO)-K3α戸{加古一切。)+ Ho=O， (4.6) 
K3αs(叫 -UO)-K3s2(却を一切。)十Po=O， (4.7) 
K2Auま+K3α2(17uo-2円)+ K3asAwo+Hき=0， (4.8) 
K3asAuO + K3s2 (，dWo -2w!) + Pを=0， (4.9) 
and the equations at the no仙 ointsn， n-士could邸 ily
be written in a similar way. 
Applying the symbolic operators S，;， 0，;， S，;， C，; to the 
equations (4.2)， (4.3)， (4.4)， (4.5) respectively and satisfying 
the boundary conditions that the truss is simply suppored， 
{K1D，;叫ん2}K[ur]-2K3α2cos fECd[zt寸]
L，n 
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2K3assin手ιIl1，[ur]-2K3s2 cos ~豆島[叫]
ム;n zn 
+ 2K3s2Si [Wr+~] = 8i [P，→]， (4.13) 
from which we find out the integration transforms of the displacements， and 
invert them into the actual displacements. 
Taking the case when the concentrated load acts at the nodal point c， we 
obtain 
叫[Hr]= Ci[Hr+~] = Si[Pr+~] = 0， 
Si[Pr] =Psin~C ， 
n 
from which the nodal displacements are written in the closed form， as follows 
r>c αp Iム{(n2-c円 (n一川，
札口て了一ァ・〈 (4. 14) 
1"¥..1' P I三ι{3r・2-c(2n-c)}， Tくc
I ~ {3(n-r)(n-r+ 1)一(n2-c2)f， r?:_ c 
αP I 3n ¥ ' ') 
U引き=子百・{ (4. 15) 
.1.'¥，，-<戸 I nc子三jc(2n-c)-3r(r+1)f r<c 
I <5n、，
r c(n-r) 
2K1-K3a2 ~ I n W 一一一一一一一一一一- __1 
K1・K3s2 - I r(n-c) 
I n 
iE127斗 (2n-r)一山}， r?:_c 
4a2(Kl+K2) n I 6 { ， (4. 16) 
ιK3' s2 -I竺二企{c(2n一円+1}， r<c 
I tJn 






+α2 (K1 + K2) n I 3n ' '¥ ' ， ) ，-. ， 




and the stresses of the members are written in 
(136) 






































































5. Convergency of Finite Element Mthod by Means 
of Finite Integration Transforms 
The most important question for the user of the五niteelement 
whether the method yields su伍cientlyaccurate results for his purpose. 
test calculations have been performed in 
order to compare results obtained by 
means of the五niteelement method with 
known analytical solution， but they have 
only partly answered the above question. 
There stil remains the fundamental ques-
tion whether the finest limit of the 
element can insure us the exact solution 
of the di旺erentialequation. 
We will illustrate that the五nitein-
tegration transforms can analitically ex-
amine the convergency of the五niteele-
ment method. 
(a) Plane Stress Problem 
Let us take the triangular element 
as shown in Fig. 4， then the stiffness 
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r Ku Kij Ki明 1
[K] = I Kji Kjj Kjm I 








































A， t; the area and the thickness of a triangular element respectively， 
{Fγ= {Fxi F，併 FxjF併 F酬 F前m}T，
{o}e = {U包叫的 Vj Um V明 y.
Assemble the triangular elements as 
shown in Fig. 5， then the equilibrium of 
forces in the X direction are expressed by， at 
the node (x， y)
」71U岬-14仙 hì++-(uxy一土恥 y--~i 1-J)" ¥ -0 2 - " -1 1 +ν¥ -0 2 H -" I 
from which we have for the case without 
body forces， 








一 1 L1，.A，仇一喜 U 主=0
2(1-ν) -Y 6- ム
at the node (x十 1 11+土}
¥ 2-~ 21 
_4 _ (UX+~'?/+~ーよりm 川~\+一三-(Ux+*川喜
1ー ゾ¥む μ2 吋 ソ 1+ν¥ "" 
-_l_P"nx+*" ¥ _ 1 1 L1~L1"v伊引 =0.
2 ' 6- ) 2 2(は1一ν刈)ゐ g め y つ y 
叫 川t血hen吋 (トx，y+ 士) 
チ2-( 仙 ULf-1JPZ 刊行手~(んを-1河川=0 ，
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了土~(n
i一νγ“¥乙 I 1十 ν¥ :0 I 
(5.6) 
Making the五niteintegration transforms from the equations (5. 3)'_'(5. 6)， and 
combining them adequately， we have 
1 (乃可 ) 一一 ~4+<LJi +一三旦Dr}RiSr[ux.y] 
(1+ν)(3-ν) l 1一ν4 . J 
一一一一土 cosfECOS11CAiu吋叶]
(1+ν)(3ν) 2n 2m 
+一_1_ sin i史竺一s山i出n一三Zι8色siEι引r[u弘:t，山;
1一ν 2η 2mηt 一一
(5.7) 
{ 乃 1-).) r. )一一
一一一一 ~4 十一~" +一二!}_Dr~ CiSr [ux十叶]
(1 +ν)(3-).)) l 1一ν4 . J
4 ur 一一一一一 cos l7r cos _ r7r 1え8r[uη]
(1+ν)(3一川 2n 2m 
十_
1 sin色-51n118iR?[th]=o， 
1-ν 2n 2m 
(5.8) 
in which boundary conditions are to be given as to eliminate the boundary values. 
In a similar way， the equilibrium of forces in the y direction leads to the 
following results; 
(， D~ 1-ぃ I"，;，一一 ~4 十---ー十一一ーとDi~Sι[Ux←村吉]
(1 +ν)(3-).)) l 1-).) 4 "J 
4 iπ - cos--一C0511s;ET[ztMI(1 +ν)(3一ν) 2n 2m "---， L 'O'Y 
+-L sin 主sinfιRiS，.[ux.，J= 0， 1-ν 2n 2m .. . -" (5.9) 
1 (乃 1-).)r. ) 一一一一一 ~4 十 ~r ー+ニとDi} SiRr[Vx.y] 
(1十ν)(3-ν)l 1-ν4 "J 
一一一ー さ cos 竺 cosJ1 84C，[り吋 Y+~]
(1十ν)(3ν) 2n 2m 
+ユ sinZ竺sln三ι GiSr[uxc}-y+] = 0 . 
1十ν 2n 2m 
(5.10) 
Eliminating EiSr [u， h ~]， S乞G， [z仏~・?ノ i] in the equations (5.7)， (5.8) and (5.9)， we 
have 
4 cos _!:!_ cos _!!_ 




1-).) 4 I 
(139) 
532 Sumio G. Nomachi， Kenichi G. Matsuoka 
(1+ν)(3一ν)~;_ iπ ×∞s一一一R.8.γ[uMl- SIn SIn sitz，IumJ 2m . . -. 1-ν 2n 2m . ." 
J1+ν)(3一九in1EsinJZ
1-)) 2n 2m r • irc rc 
+一一ァ一一 、 ・ ~4cos一 cos二.'.:._8..Rr [vx.y] 
[4+ Dr 十2二!:':_D.¥ l 2n 2m 
I 1一ν4 I 
_(1+)))(3ー ν)mJhinJZEAih]!こ 0，
1-ν 2n 2m . -. oi (5. 11) 
which corresponds to the equilibrium of forces in the x direction. 
Neglecting the higher order of Di and Dr> we can write equation (5. 11) in 
the following form; 
(DeD91iπ 一}削川+一-sln 山 Rr[vx，y]= 0 1-))2 2(1+ν)J . 'L -y. 2(1-ν) ) n m 
(5. 12) 
Making the element be infinitly small， isequivalent to letting n and m be 
III五nite，thus we have 
D. =T (与rDr=T(すrsinヲキ(与)，山子(す)
In the other words， the more number of subdivision is used for the presented 
problem， the closer the finite integration transforms corresponding to it become 
the finite integral transforms. We therefore， write the equation (5. 12) as follows 
1 jPu 1 o2u 1 o2v 
一一一・一一十一一一一一+一一一一':- = 0 ， (5. 13) 
(1-))2) ox2 2(1+ν) oy2 2(1-ν) oxoy 
which is for the case of infinitesimal subdivision. Likewise， the equilibrium of 
forces in the y direction yields 
1 o2u 1 o2v. 1 o2v 
一一一一一十 ・一一+ ・ = o. (5.14) 
2(1-))) ox，旬 2(1十ν) ox2 (1-)2) oy2 
A couple of equations (5. 13) and (5. 14) are well-known as the differential 
equations for the plane stress state. 80 it is concluded that this kind of sub-
division method would lead us to the exact solution by letting the number of 
element be in五nity.
(b) Bending Problem of Plate 
A hybrid五niteelement method which was proposed by Kubo and Yoshida5) 
will be taken into account. The notation M=(Mx+My)/(l +ν) leads to M=-D 
(O2W/OX2+ OW2/oy2). Mi， Mj， Mk denote the values of M at the vertices on the 
triangular element i， j， k respectively， thenthe M-diagram is drawn as Fig. 6. 
Assuming that the shearing forces along the sides of triangle are positive 
(140) 





directing downward as shown in Fig. 7， we have 
Fig. 7. 
li.iQij =ー-Ll(fij十l;k-l%i)比十 (l~j 十 17，j-1~j)Mj一叩1k} ， 
J4AUK L 
in which Ai.ik is the area of the triangle. These shearing forces may be replaced 
by the concentrated forces at the vertices as follows: 
F¥ =よ(JzjQJfμQ付)= ~ ~ f 21~kj\1i J_'_J ""-"". 8Aijk ( 
+(l~j-ι-lit)Mj+(1~i-1L-1;k)Mk} . 
The equilibrium of forces at the node i isexpressed by 
P，=L:Fi (5.15) 




where q" qj， qk denote the values of the distributed load at the vertices， and 
P毛=エP毛
w hich turns to 
L:P各=L:F色 (5.16) 
The similar discussion may be valied for the relation between the deflection 
and M， 
thus 
Wi = 二~i~-(2J\;li+ Mj + Mk) 
12D 
民=-L12似 )i+ (lJj-ι-ι)Wj 十 (lii-1~j-仰v，，}
8A乞jk( 
which is followed by 
(141) 
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'L，Wi='L，Ni (5.17) 
where W i，印 j，却k are the deflections at 
the vertices on the triangular element. 
Setting the layout of the triangular 
element as shown in Fig. 8 we can write 
for the node (x，γ) as 
zRu=」士(4Mx.，-Ax比一方H ~ 3 、 s .. . u 
-flxflyMx_!・u告)， 
'L，PX'Yニ i空_a2(8qx.y+ Â~q忽 1 ・ u24 ，..， " -.-. " 
+flxflyqx-!.yき)， 
so the equation of the equilibrium of forces as follows 




from which the integration transform produces the following expression 
(4-Di)SiS，噌[Mη]-4cosfEcos竺E848，[lふれ4占]
2n 2m 
= a2( 1一主主i削 γ[q".?J+竺imiE∞sfZSAIqペペ1・¥ 8)'...."，. 2 2η2悦
Likewise. at the node仏+土叶__!_¥




= a211一手lSiSr[q訓告 Uトを]+tcosjE-C0511帆 [q".y]・¥ 8 / .-"0"_ 2 2n 2m 
(5.20) 
Equation (5. 19) and (5. 20) yield， 
(12Di + 4Dr + DJ-DiDr)島Sr[1¥1xy] 
(c 1 T¥ 1 T¥2， 1 T¥T¥¥ =G216- DT一~Dけ一一DiD，.lSiSr[qx.y]






Making subdivision in五nitelysmall， and increasing their numbers to infinity， 








and neglect the higher We substitute the above into the equation (5.21)， 
order term， the equation (5. 21) finally becomes 
ド2(Z)14(三n島及川=山8，.[qx (5.22) 




then equation (5. 22) can be written as follows: 
(庁Y+(で)いふ[Mxy]= 削~[恥]， (5.23) 
which is equivalent to 。211 (j2M 
一一十一-
ax2 ay2 " 
(5. 24)






Thus， the method considered is convergent to the di任erentialequation of the 
bending of plate. 
Conclusion 
An analitical approach， the五niteintegration transforms， for五ndingthe solu-
tion for regular structural lattices or the assemble of a regularly distributed finite 
element is presented. 
The approach which the authors had partly presented can treat the problem 
of the regulaly distributed triangular net by the aid of a set of formulas regarding 
m1竺{叶iiand cos iEJz+土}
η¥ 2 ) η¥ 2 ) 
6. 
(Received May 20， 1971) 
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On the Tentative Design and Mechanical Property of the 
Composite Box Girder Bridge with Variable Cross 
Section and Both Hinge-Fixed Supports 
Sakutaro Nakamura 
Abstract 
1、hepresent writer tentatively designed a composite box girder bridge with the variable cross 
sections and both the hinge酬五日dsupports for the purpose of increasing the structural economy， 
the lateral stability， and the quakeproof 
He calculated the axial force， the deflection， the bending moment， and the stress intensity 
































種類:SS41及び SM50;SS41の許容応力度:σ川 =1，300kg/cmへのα=1，400kg/cm2; SM 50 




























70 kg/cm町内=1，3fiL6 kg/cm2< 1，400 
(b) 支承部断固
図←2 横断面図




SM50級の鋼材を使用し，許容応力には σ何 =1，900kg/cm2，(1c，=1，800-1.1 (l/b)2を用い，
1-Flg. pl. 210 x 13， 1-Web pl. 550 X 8， 1-Flg. pl. 210 X 12よりなる I形断面を使用した。
と縁圧縮応力度 σ。=1，759< 1，800 kg/cm2，下縁引張応力度内=1，861 < 1，900 kgfcm2，上縁
引張応力度内=1，208< 1，900 kg/cm2ヲ下縁圧縮応力度 σt= 1，277 < 1，759 kg/cm2。
c.支材
縦桁最大反力 R=40.878t，部材力 S=30.577tを求め， 部材断面を SS41鋼材で， 1-pl. 







合成前の荷重としては， 床版・縦桁上ハンチの重量， 鋼材重量の合計6.650t/m， 合成後
の荷重としては，死荷重の合計1.297t/m，活荷重は衝撃係数 i=0.20とみて，衝撃荷重を加え








6， b 00 車位:mm
図-3 逆梯形鋼箱桁(上突縁開放)断面図
a) 断面 I
2-Flg. pl. 630x32， 2-Web pls. 2，731X10， 1-Flg. pl. 3，200x9 (有効3，100)，2-Ribs 100 X 8， 
2-Flg. pls. 885 X 29 (有効835)，2-Ribs 1l0x8 断面積合計 Aニ 1，746.3cm2 
合成前の断面応力度 内 =1，582kg/cmへの=1，012 kg/cm2 
合成断面の合成応力度 σc= 1，582+171= 1，753 kg/cm2<1，800 kg/cm2 
at= 1，012+829= 1，841 kg/cm2<1，900 kg/cm2 
コンクリートの硬化乾燥収縮による応力




2-Flg・pls.630X32，2-Web pls. 2，731X10， 1-Flg. pl. 3，200 (有効丸山0)X 9， 2-Ribs 100 
x8， 2-Flg. pls. 885 (有効835)X26，2-Ribs 1l0x8 断面積合計 A=1，696.2cm2 
(148) 
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合成前の断面応力度 σc= 1，558 kg/cm2，の=1，023kg/cm2 
合成断面の合成応力度 σc= 1，558+163= 1，721 kg/cm2<1，800 kg/cm2 
σt= 1，023+838= 1，861 kg/cm2<1，900 kg/cm2 
コンクリートの硬化乾燥収縮による応力




2-Flg. pls. 630x 32， 2-Web pls. 2，348x 10， 1-Flg. pl. 3，510 (有効3，41O)x9，2-Ribs 100 
X 8， 2-Flg. pls. 885 (有効835)X 26， 2-Ribs 110 X 8 断面積合計 A= 1，647.5 cm2 
合成前の断面応力度 九 =1，603 kg/cmえの=994kgfcm2 
合成断面の合成応力度 σc= 1，603+ 159= 1，762 kgfcm2< 1，800 kg/cm2 
σt = 994 + 833 = 1，827 kg/ cm2 < 1，900 kg/ cm2 
コンクリートの硬化乾燥収縮による応力




2-Flg目 pls.630X29，2-W巴bpls. 1，966 X 10， 1-Flg. pl. 3，800 (有効3，700)X9，2-Ribs 100 
X 8， 2-Flg. pls. 885 (有効835)X 20， 2-Ribs 断面積合計 A=1，459.2kg/cm2 
合成前の断面応力度 九 =1，638 kg/cm2， O"t= 1，032 kg/cm2 
合成断面の合成応力度 σ行=1，638+ 122= 1，760 kg/cm2< 1，800 kg/cm2 






2-Flg. pls. 630X29， 2-Web pls. 1，584xlO， 1-Flg. pl. 4，120 (有効4，020)X 9， 2-Ribs 100 
X 8， 2-Flg. pls. 885 (有効835)X 17， 2-Ribs 110 X 8 断面積合計 A=1，369.7kg/cm2 
合成前の断面応力度 σ。=1，192 kg/cmへの=746kg/cm2 









2-Flg. pls. 400x21， 2-Web. pls.1，316x10， 1-Flg. pl. 4，340 (有効4，240)x 9， 2-Ribs 100 
x 8， 2-Flg. pls. 885 (有効835)x 13， 2-Ribs 110 x 8 断面積合計 A= 1，072.5 cm2 
合成前の断面応力度 σc=575 kgfcm2， σt=230 kgfcm2 
合成断面の合成応力度 σc=575+ 12=587 kgfcm2< 1，800 kgfcm2 
σt=230+164=394 kgfcm2<1，900 kgfcm2 
コンクリートの硬化乾燥収縮による応力
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ジベル 1個の耐荷力 type A: D=34.799t， type B: D=14.652t 
床版と鋼桁の接触面に働く単位長当りせん断力
pt. 0:τ=939 kg/cm， pt. 2:τ=630 kg/cm， pt. 3:τ=412kg/cm， 
pt. 4:でニ259kg/cm， pt. 5 :τ=172 kg/cm 
温度差による単位長当りせん断力 T=176 kg/cm 
乾燥収縮によるせん断力は主荷重によるせん断力と方向反対のため考慮、しないこととする。
ずれ止めの間隔 pt.O: P=D/T=31.2 cm， pt.2: p=55.2 cm， pt.3: p=35.5 cm， pt 4: 









下フランジ: 合成前720.0kg/cm，合成後349.8kg/cm，合計せん断流 1，069.8kg/cm 
せん断応力度 上フランジ・ τ=117.3kg/cm2，ウエツブ :T = 1，336.5 kg/cm2，下フラン
ジ :T=822.9 kg/cm2 
ジベルのせん断応力度 T=q/te=435.8 kg/cm2 
コンクリート床版のせん断応力度 τ= (q/t) (Gc/Gs) = 6.5 kg/cm2> 10 kg/cm2 
b) 端補剛材の応力度
SS-41鋼材を用い， 片側補剛材の受け持つ軸力 P=183.7tに対し， 1-pl. 240 X 10， 1-pl. 
300 X 25， 1-pl. 300 X 22，断面積合計 165.0cm2とした。
oc=P/A= 1，113 kg/cm2< 1，199 kg/cm2 
c) 中間補剛材の検査
所要断面二次モーメント 1=598CIぜなる故， 1-pl. 150 X 9を用い，Aニ 13.5cm2， lx= 
1，012 cm4なる故， ι>1となり安全。
d) 支点付近せん断力による腹銀の座屈に対する検査




水平補剛材の所要断面二次モーメント fの計算を行な¥"，使用断面 1-pl.100 X 9，断面積
A=9.0 cm2， Ix=306 cm4 > 243.5 cm4 





死荷重によるたわみ 02=0.68 cm， 活荷重によるたわみ(衝撃荷重を含まぬ)03=2.45 cm 
たわみ剛度の検査 ゐ/l= 1/2，041 < 1/600 
死-活荷重合計たわみ(衝撃荷重を含まぬ) 0ニ 01+02十03=13.70cm 




























Adf pz qzzvv 一一一一一2 2 '~IJ ( 1 ) 
桁の基本徴分方程式に代入すれば
d2y X ^. I 1 (Px qx2 ¥ _ Ii 
dx2 KI 11' KI ¥ 2 2 I ~ (2 ) 








? ??? ??????? ??
m=J%I' p q = l 
(3 ) 
この式に含まれるこつの積分定数 C1，C2は x=Oに対して γ=0，x=lj2に対しては
dyjdx=Oなる条件より決定される。この二つの条件より， Cb C2が求まる。
C1 = '2Xなh印 (coshw-s山




ω= 2V EI (4) 
Cb C2を (3)式に代入し，
P! x2 l ¥. Pl cosh ¥坐イ( ~ v ~~UU  l ~ / 
y = 2X ，x--l一一面2)十 4w2 Xcoshω (5 ) 
桁の中央部では，
ν=会g-去(1ーギhw)} さし削=村喜 (6) 
(1ラ3)
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この式を 2回徴分して変形し， 桁の基本微分方程式より曲げモーメント M の表式は次の
通りとなる。
ぶ1-co叩-dl (7 ) 
中央部では，
M=ZL(lーヰ寸 (8 ) 
上述の (5)-(8)式の中には， ω及び Xを含んで、いる。 ωは Xの函数であり， Xは荷重に
よって桁の両端に誘導せられるものであるから未知量である。




): (~~ )い一五ニ。 (9 ) 
(6)式より (dy/dx)2を求めて (9)式に代入すれば Xに関する次のような函数方程式が得
られるから，これによって軸張力 Xを求めることが出来る。
p2 / ~ . ~. ， 0 • 0 ， 0 15 sinh 2ω¥. X3 
ヌ z::-' ( 6 + 24∞sh2ω-4w2 cosh2ω一 一一一一)+ ;，，~ A = 0 (10) 96ω" cosh ωべ柑 J'EA 
ω=μ芸 (11) 
(11)式より X=4w2EI/12を求め， (10)式に代入し整理すると次式を得る。
15 sinh 2ω 6+24 cosh2ω4ω2 cosh2ω ー
ω 6，144E2J3 





いことに留意し， sinhω=ωトーw3/i_l+ω5/1互+"'， coshω=1+的り:2+ω4;:生十…とし， これを
(12)式に代入し微小項を省略すると次のような Xの近似式が得られるから，この近似式5)を用
いて計算することも出来る。
X = S!~1(~l~l4 . - IJL EJ2 (13) 
(154) 
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2 軸力・たわみ・曲げモーメントの計算
A. 軸力の計算(厳密及び近似計算)
死荷重: 主桁鋼材重量 qj= 1.376 t/m， 縦桁重量 qz= 0.076 t/m， とフランジ間対材重量
q3二 0.0395t/m，支村重量 q4=0.0396 t/m，補剛材その他重量 q5二 0.050t/m，鉄筋コンクリート
床版重量 q6= 5.536 t/m，防水間及び舗装重量 q7= l.035 t/m，高欄重量 qs= 0.060 t/m，合計-
q，z=qj十q2十q3十山十q5+q6+q7+仇=8.213t/m 
出荷重 pointload qp= 1.004 t/m， uniform load qp=3.504 t/m，合計 qz=qp+qp=4.508t/m 
死・活荷重合計:q=q，z十qt=12.721t/m 
断面積:pt.1の Aj=0.4368 m2， pt.2のA2=0.4665m
2， pt.3の A3= 0.4754 m2， pt. 4の
ム=0.4943mペ pt.5の ，15二 0.4991m2， pt. 6の A6=0.5041m2，平均値 .<1=0.4794 m2 (合成的i
l古iの断面積でコンクリートは銅に換算)
断面二次モーメント pt.1 の λ~~0.1l61 mぺ pt‘2のんこ0.1726mぺpt.3のιェ 0.2636
1111， pt.4の 14=0.3973m七 pt.5 のんニ OS~19 m久平均伯 1=0.3360 m4 (合成断面の断面二次
モーメントでコンクリート(土こ換算}
(12)式の右辺の平均他 -6，144EZP/ilci l8ニ -;53.9168




かし，有効数字 45桁の計算により f(ω)を求 け)
めた。 ω=0~ l.0 の範囲の f(ω) 曲線を示せ
vi，図 6のJf立りである。
図 6において，f(ω) = -33.9168の点を
探し求めれば， その時の肘ロ 0.112が得ら
れる。
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ν=却すす(1ーヰ-;-)} = 13.70 cm (合成前・合成後の合計)
合成前のたわみ Yl= 10.57 cm，合成後の追加たわみ Y2=3.13cmとなる。なお，
次に中央点の曲げモーメントを (8)式により計算する。
M = 1!1. (1 ~ i で一;'1 一一一τ一一I=3.954.770 t・m4αp白¥ cosn印 I合成前・合成後の合成曲げモーメント
合成前 M1= 1，953.894 t-m，合成後の追加 M2= 2，000.876 t-m 
近似計算
? ?
ωェ 0.138，軸力 X=215.57tとし， (6)式を用いて中央点の合成たわみを計算する。
yziE(i一一主 (1ーヰ~)} =山cm (合成前・合成後の合計)
合成前のたわみ Yl= 11.22 cm，合成後のたわみ Y2=3.32cmとなる。なお，
次に中央点の曲げモーメントを (8)式により計算する。
PI /. 1 ¥ M = 7';， ! 1- ~ ) = 3.944.08 t-m 
性的“ cosnα) I 合成前・合成後の合成曲げモーメ γ ト























l荷重のみ 0山|荷重のみ O山 l
荷量 +141.621荷重十141.62
温度 (-80'C) 1温度 (+80'C)
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Experiments on High Speed Impact Tensile 
Tests of the Steel (Report 2) 
- On the steel bar with round notch-
Masachika Naito， Kouhei Hamada 
and Hisashi Aizawa 
Abstract 
This paper describes the strength and the behaviour of the notched steel bar under impulsive 
Joad. Carbon steel (S15C， S25C and S50C) with various circumferential notches are used and 
tests are carried out from static region to 20 mjs. The load is measured by strain-gauges attached 
on the load cell， and for measuring displacements capacitance gauges (cylindrical shell plates) are 
used. The results obtained are summarized as follows: 
(1) The tensile strength of the notched bar increases when the notch becomes sharper， and 
approaches to certain maximum value 
(2) The tensile strength of the notched bar increases with increase of impact speed. 
(3) A characteristic elongation-time relation is recorded 
(4) The constraint of plastic deformation at the root of notch is one of the important factors 










ず， より広範囲の速度，材料，切欠き形状についての研究が必要であろう。 そこで， U型の







である。 これらの点を考慮して図-1および図 2に示す2組のロードセル(材質 S45C)を用
いて実験を行なった。ロードセル Aは主として切欠き材の試験に， ロードセル Bは主として





図-1 ロード七ノレ A 図--2 ロードセノレ 8 図-3 :y.滑試験片
6V 
図-4 切欠き試験片 図-5 測定系ブロックダイアグラム
これらの測定系ブロックダイヤグラムを図 5に示す。 実験に用いた試料は第 1報の熱処
理を行なってない S15C， S25C， S50Cの3種類の炭素鋼である。試験片は，平滑材と切欠き
半径 pが0.5mm， 1.0 mm， 2.0 mm， 4.0 mmの5種類で， これらについて静荷重および衝撃速










図 6・1・1 S15C， P二 0.5mm
V=lOm/s， tニ 50μs/cm
図 6・1・2 S15C，ρ=1.0 mm 
V=5m/s， t=50μs/cm 
図 6・1・3 S15C， Pコ1.0mm
V=lOm/s， t=20μs/cm 
図 6・1・4 S15C， Pニ1.0mm
V=20m/s， t=20μs/cm 
(163) 
図 6・2・1 S15C， P=0，5mm 
V=lO m/s， t=50μs/cm 
図-6・2・2 S15C， P=1.0mm 
V=5 m/s， tニ50μs/cm
図-6・2・3 S15C， P=1.0mm 
V二lOm/s，t=20ps/cm 








V=lO m/s， t=20μs/cm 
図 6・1・6 S15C P二 4.0mm
Vニ 10m/s， tニ50μs/cm
図 6・1・7 S25C， P=4.0 mm 
Vニ 20m/s， tニ 20μs/cm
図~6 ・ 1 ・ 8 S50C， Pニ 4.0mm
Vニ20m/s， t=20μs/cm 
(164) 
図 6・2・5 S15C， P=2.0mm 
V=10m/s， t=20μs/cm 
図 6・2・6 S 15 C P = 4.0 mm 
V=10m/s， tニ 50μs/cm
図 6・2・7 S25C Pニ4.0mm
V=20m/s， tニ 20μs/cm
図 6・2・8 S50C Pニ4.0mm
Vニ20m/s， t=20μs/cm 
557 
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を用いて測定した。結果を表-1に示す。 この表より， A点および B 図←15 脱皮の測定位附
(168) 
p 
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表 1 硬度測定結果(マイクロピッカース硬度荷重500g)
V 位 置 S15C S25C S50C 
A 198 214 244 
stat1c B 214 234 279 
C 132 162 223 
A 193 194 226 
20 m/s B 211 215 258 
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2) 作井誠太・中村正久・布村成具: 鉄と鋼， 46 (10)， 1319 (1960). 
3) 作井誠太・中村正久・大森正信・布村成具: 鉄と鋼， 49 (1)， 55 (1963). 






On the Effects of Submerged Body Shapes 
on Cavitation Occurrence Part 4 
Kyokai Okuda， Takeshi Kaihoko， Tsuyoshi Endo 
and Hisayoshi Ichiba 
Abstract 
The authors report the experimental results of the effects on occurrence and growth of 
cavItation by changing the shapes of lenticular hydrofoils. 
The main results of the experiments ar巴 asfollows: 
a) The incipient cavitation factors Ki are strongly influenced by attack angles， but K130， the 
cavitation factor when the growth of cavitation is 130% long about the chord， are litle inf!uenced 
by attack angles. 
b) The following experimental formulas are obtained about K130， 
K130 =-Cpo十会 K130=-Cpmiけす
where Cpo is the actual pressure coe伍cienton the hydrofoils， Cp皿 ln the theoretical minimum 
pressure coe伍cent，'V the丑owvelocity; A and Ao ar巴 theconstants obtained by the tests. 
c) Non-dimensional number， K13oxljt， has constant value independent of thickness ratio tjl. 
1. まえがき
問題名の第3報では，一連の対称円弧翼の形状がキャピテーション発生に及ぼす影響につ

















弦長 100mm， J享さ 29.4mmの対称円弧翼 (No.3翼と相似形である)を用いて翼表面の
圧力分布を測定した。翼表面では上面，下面各々に 14個の圧力取出孔が設けられている。 詳
細は図 2に示す。
費名称 尤 宅/$ ト β 
fJ，u.l 10 0.133 14ワ 15，2 
トむ.2 14 18ワ 10'7 2.12. 
~o. ヨ 22 293 '71 32ワ
♀φX28ヶ
同面に26町罰端に包ケ
N()， 4 ヨ口 400 56 43.6 
No.5 34 4.53 50 48.6 
図 1 供試物体 図 2 圧力分布測定用翼
III. 実験結果および考察
本実験は迎え角 α=00_80，流速‘v=7-12 m/secの範聞で行なった。このときキャビテー






















No_ 1 No. 2 No_ 3 No. 4 No. 5 
第 I 積 !αvzh80i40~8Q t な し!なし!なし
第 Il滋~-~ ~-~ ~-ぜ 0'_80 00_80 
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図 8(a) 図-8(b) 
図-9(a) 図-9(b) 
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図-10 K-A/l 図-11 K-A/l 
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翼表部の圧力分イ1I図 14
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定数 A。の値を計算するために， が(K130十CpO)の値をまとめ図-17に示した。 上JLii_の式の A。
の値がほぼ 18-25の範囲で，流速による効果を表わすことができる。
OE 2り二zm
8. ・ ~9、 o =10 、..0 ・.1
@¥斗-'" Q 
~'-......<③。-._;:____@- ^ . ~~ーι ， :-M--Q--43
トー~~J 'ー:一一面一一事-~一一@



















o' r Z 3" 4・!) 6. ? 8' 
α 
図-17 110と迎え角
3・3・3 キャピテーション発生状況線図よりの K 130について 図-18は No.1-No.5翼
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a) 厚弦比 Kl30とt/lの関係を示したのが図 20である。両者はほぼ比例して変化して
いる。比例定数は流速によって変化させるのが望ましい。実験結果の中で流速の比較的遅い場
合の傾向を一点鎖線で示し流速の比較的早い場合の傾向を実線で示した。



















































析方法は第 1報と同じであるが，この場合，第 1報における 7の式中内だけ異なり ，()Z=-(Jl 
とおけばよい。木報告では解析子順を省略する。計算には室蘭工業大学計算機室 FACOM231 
を使用した。 圧力分布測定用翼について迎え角 00_100 支で 1度刻みで計算した結果を図 23























































1) 奥田・，1本・一場: 室蘭工業大学研究報告， 6(3)， 897 (昭40).
2) J. W. Holl & G. F. Wislicenus: Trans. ASME， Vol. 83， 1961， p.385. 
3) ]. W. Holl・ Trans.ASME， Vol. 82， 1960， p.941 





On the Characteristic of Liquid Surface Combustion under 
the Forced Convective Diffusion (2nd Report) 
Shigenobu Hayashi and Norihiro Sawa 
Abstract 
To investigate the fundamental characteristic and construction of the liquid surface evapora-
ting combustion， we measured mainly the fuel consumption， the distribution and maximum value 
of combustion flame temperature， and the flame height and took photographs of the flame-shape 
and sketched the construction of the combustion flarne. These experiments are carried out with 
the liquid surface combuster changing the velocity and the temperature of supplied air， the 
diameter of the combustion cup， the velocity of the side air丑ow.












































































40  50  3 6 3 6 
Vo m/s ひ。 m/s
図 4 図 5
表-2
d 53mmゆ 40mmqi 30mmqi 20mmゆ










































熱することが考えられる。かかる観点から，強制送風空気を 400Cから 200Cおきに 100DCま






























































Q 1-Iu.7f (Vf-VfO) k (Vf-VfO) 






































































日) 横風流速 v"o~lm/s (IXI-12 (a); 






























































































(J-，，)を求め， 両者の比 (L，/Llを横風流速 ('l}/i川こついてプロッ卜してみると図-17となる。デ
ーターはかなりばらついているものの，LdLとτ)11， との間には直線的関係が成り-v:つことがわ














































































































111・3-2 燃焼速度 (Vf)及び火炎温度 (t.明)








b) '0α=1 m/s~3 m/s (図 19~ 凶-21)


























































炎の傾き (L，/L)は横風流速い'liと直線的比例関係にある。これは point-SourceTheory 
から得られた結果と定性的によく一致する。
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E旺ectsof WorιMetal Microstructures on the Machining 
Characteristics in Electrochemical Machining 
Yuichi Tanaka and Kazuyuki Kikuchi 
Abstract 
There is little information on the e任ectsthat different work-metal microstructures would 
have on electrochemical machining. In this report the machining characteristics of some carbon 
steels for sodium chloride and sodium chlorate solution， which is less corrosive for mild steel 
than sodium chloride solution， were experimentally investigated. The work-metals were pure 
iron， 0.47% carbon steel and eutectoicl steel after clifferent annealing treatments. The main results 
are as follows: 
(1) iVith increasing the volumetric percentage of the lamcllar pearlite of work-metal， the 
metal removal rate is decreasecl， while that with globular pearlite is machined very faster than 
the other. Especially the machining rate for sodium chloricle solution is faster than theoretical 
metal removal rate causecl by dislocling of cementite particle. 
(2) When machining the lamellar pearlitic steel， metal removal almost completely stops at 












































2-3. 電解液 図-1 実験装置概略凶
実験に使用した電解液は， 10%塩化ナトリウム水溶液および 27%塩素酸ナトリウム水捺
液の 2種類、である。これら電解液の比伝導度は，ともに 200Cで 0.3Q-.1 cm-1である。実験は
(198) 
被加工材組織の電解加工特性への影響 591 
表 1 被加工材の化学成分 (%) 
C Si Mn 
純 鉄 (S~l) 0.004 
0.47 
0.82 
機械構造用銅 S45C (S~2) 
炭素工具鋼 SK~5 (S~3(L)， S~3(G)) 
P S 
tr. 








(a) S~l (b) S~2 
(c) S~3(L) (dl S~3(G) 





















よると，坦素眼ナトリウム水溶液で加工電圧が約 9Vになると加工面におよぼす CI03 イオン
























w = 60xMxlj96，494xn 
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(a) S-l (b) S-2 
写真 3 加工底面の比較 (X :3) 





























































図 2，図 3および凶-4から明らかなように， 塩素酸ナトリウム水溶液による加工では純












あるいは大きさに応じて加工不能な電流値 臨界加工電流 が存在することになる。図-5'i.， 
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Set-theoretical Foundations in the Empiricist Pragmatism 
y oshio Kinokuniya * 
Abstract 
Annexing the pragmatist dogma to the empiricist theory of sets in connection with the theory 
of a priori measure， we obtain some important renovations， particularly in the context with ordinal 
numbers 
1. Introduction 
In the previous paper1l we posited the following pragmatist dogma:α conl-
pletely uηfounded mere abstraction can give only a meaningless object. Applying 
this dogma as a principle of induction， we have a very powerful device in the 
analytical logic (i. e.， in the set-theoretical logic). The empiricist pragmatism is 
the logical analysis which uses this principle in the empiricist theory of sets 
(particularly in connection with the theory of a priori measure勺 Wepreviously 
have obtained the following two conclusions in the empiricist pragmatism. 
1 (Principle N A). 11 M is a practical1l set and 
(VXcM)(X isゑ-meαsurable**. =?. i元X= 0)， (1. 1) 
then it must be that lvI is m，-measurable and 
i話¥M=O.
I (Lemma E). 11 seお
M1c二M2c二・・
αu are i哨 leasurabZeωzdlvI= uMk， then we hω 記
iiiM = lim 弘Mk •
If a description As which de五nesa collection S of elements in a given universe 
U implies that 
(VaE U)(aES. V.aιS)， 
then S is called a descr争tivecollection or an aggregate. In this paper an 
aggregate is assumed to be taken in a euclidean space of finite dimension E. 
To date， some examples of non-measurable sets (with respect to the Lebesgue 
measure) have been shown through constructions on ordinal numbers. However， 
in Principle N A， evev if we take ‘an aggregate' instead of‘a practical set'， it Is 
*紀国谷芳雄
* I五-measureis the empiricist generalization of Lebesgue measure. 
(207) 
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apparent that any part of M cannot be destined to be of positive 品measure.
50， in the empiricist pragmatism， we may reasonably adopt the following asser-
tlOn as an axlO立1.
Axiom NA. 1f仰 aggregateM satisfies the condition (1.1)， M isゑ.
meωurable and 
伝M=O.
If M 1S an aggregate and if飢 isthe collection of al m・measurablesub-
aggregates contained in M， then， as readily seen，加eis an aggregate (of sub-
aggregates). In this case， if
sup i五x=α
xεm 
there exists an increasing sequence of iルmeasurablesubaggregates of M 
M1cM2c二・ cM
such that lim 仮Mk=αThen，if N is an m-measurable subaggregate contained 
in M-UMk， itmust be that 
勿~N=O.
50， by Lemma E and Axiom N A， we may r田 chthe following conclusion. 
Proposition 1. 1. EverツaggregateM is i五・measurable，under the convention 
that 五M=∞ is also allowed to be α case. 
According to Proposition 1. 1 an aggregate is called a (determinate) set in the 
meaning that it is descriptive and品measurable. Thus， the empiricist theory of 
sets may， in the empiricist pragmatism， be renovated in many sides， standing on 
the foundations above-stated. 
2. F ramed Increase 
Being given a family (or a collection) of collections of points (in E)羽=
(A，)(tε1)， if1 is simply ordered， i.e.， 
(Vt，κε1) (t手IC.二>:t<IC. V. t>IC) 
and if 
t<IC .二>.A，cA，: & :A，cA，.今.t<IC， 
then W is called a framed increase of collections (in E). If， in addition， 1 and 
al A， are descriptive， ~ is called a descriptive increase. 
In case of a descriptive increase， the union 
A= U，E1A， 
is evidently an aggregate， so that by Proposition 1.1 we have: 
Proposition 2.1. 1f W=(A，) (tEI) is a descriptive increase and 
A= U，E1A" 
(208) 
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If we have 
UA日守とA，
for every enumerable sequence (九)(k=1，2，…)， then 21. is said to be of unfin-
ishable砂ρe. Proposition 2. 1 may be reckoned to hold even when A is of 
un五nishabletype. Now， ifsup 伝A，=s<∞ (inProposition 2.1) we have 
P ミα. 




Then， there must be promised an atmosphere (]A -U A，[)3) for which it is 
destined that 
後(]A-U AJ) > o . 
However， ifwe assert such a peculiar state to be involved in the simple de五111・
tion‘A -U A/ on our a priori ground， itmay not give other than an incom-
pitent assignment for 1nA. Hence it may be no other than a mere abstract 
imagination and so it may be taken as meaningless， in the empiricist pragmatism. 
Thus we may conclude: 
then 




3. On the Ordinal Numbers 
If a collection of ordinal type A is not a descriptive collection， A is expelled， 
in our view， from the concept of a determinate collection. So， by grace of 
Proposition 1. 1， any aggregate of ordinal numbers is consideredみmeasurable，
hence as a set. In the empiricist theory the method of transfinite induction is 
not generally admitted. However， when using the whole arrangement of the 
ordinal numbers， this method may naturally be recognized to correspond to the 
(209) 
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ordinal construction of a collection. So， we may take this method as a fictive 
one restricted within the collections of ordinal numbers. Then， in virtue of 
Proposition 2. 2， we may readily prove the following lemma. 
Lemma 3.1. Every切el・orderedset must be of ;みrneasurezero. 
So， we directly have: 
Proposition 3. 1. In empiricist Jうragmatism，no ordinal number can be 
admitted to correゅondto the real continuum. 
To conclude Proposition 3.1 the following will also give a demonstration. 
From the interval [0， 1]let us take a subset Ll of 1:元-measurezero， then another 
subset L2 of 五-m回 surezero such as 
L1cL2・
Continuing this process， we may obtain a framed increase of subsets (of [0， 1]) of 
tルmeasurezero (L，) (!E1). Apart from the selection of such an increase， we hlay 
observe it only as the existence of such an increase. 1 may be assumed to 
correspond to an ordinal (number). Therefore， assuming 1 as the supremum of 
such ordinals， we come across a contradiction in that we may then， by virtue of 
Proposition 2.2， conclude that 
伝UL，=O.
4. Extension 
By事(A)indicating that a set A has the property弔， if for any set A (in B) 
it is destined that 
弔(A).V.'""事(A)， 
~ is said to be descriptive. For a descriptive property弔， if it is always destined 
that 
AcBcE. & . ~(B): 今.弔 (A)， (4. 1) 
~ is said to be regressive and then， in the relation (4. 1)， B is called an extension 
of A in respect to司3. If a descriptive increase of sets羽=(AJ(!ε1) satis五esthe 
condition 
(V!ε1)(弔(人))
for a regressive property弔， "l( is called an extension increase (in respect to ~). 
If a collection A is considered to have a certain descriptive property， A must 
be descriptive， because a non-descriptive collection is thought， in the empiricist 
pragmatism， to be meaningless and so to be expelled from our course. Hence， 
in producing any collection A on condition that ト ~(A)*， we may always expect 
A to be descriptive. 
* 1、hisrenders 宵(A)is true' . 
(210) 
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If there exists an extension increase S[( = (AJ (tE 1) in respect to弔 andif for 
any set B (in E) it is ascertained that 
UA，三AcB.二手，._.司3(B)， 
羽 issaid to be maximal and then A is called an extension limit in respect to 
~. If A学E，~ is said to be mαximizable by S[(. 
Now， in developing any extension increase 21， we shall necessarily be imposed 
the following two matters to examine: 
(i) Extensibility : 
(ヨ〉尚早E)(BCA.& ト事(A))， 
i. e.， itis decidable either ~ is extensible beyond a given set B or not; 
(i) Maximizabiliか:it is decidable either ~ is maximizable or not. 
In view of the above-stated preliminary de五nitionsand investigations， itis 
readily a伍rmedthat， excepting the problem of real practicality， both of (i) and 
(i) can be expected as decidable. Hence， ifa concrete property弔 isreally 
proved to be descriptive and to be maximizable， we may certainly be promised 
a (norトtrivial)maximal extension increase. In this case， we say that a trans-
induction is promised or a trans-inductive mode is established for the extension 
in resrect to司3. In our view of the empiricist pragmatism， itwill be specially 
fair that， throughout the process of trans-induction， al intermediate extensions 
A， and the extension limit A can always be expected as m-measurable. 
5. Unexhaustible Null and Metamorphosis 
If， for a set AcB (in B)， there exists a set A' such that AcA'cB，ト事(A')
and m (A' -A) = 0， then ~ is said to have unexhaustible null above A in B. 
Then， the following theorem is readily proved. 
Proposition 5. 1. lf there isαset B of finite 弘明
~ト弔(B)， 
and if a non叩 oidextension increase S[(呈(A，)(tε1) in re学ectto ~ is such re・
stricted as 
(Vt) (A，cB) 
and if事 lS unmαximizable by S[(， then ~ has unexhαustible null above the 
limit A= UA，・
On an extension limit A in respect to a descriptive property弔， following 
two cases are distinguished: 
(i) ト~(A)， then ~ is said to be closed in the framed increase S[( of which 
A is the limit; 
(i) ，...._ト ~(A) ， then it is said that ~ has a metamoゆhosisby S[( or S[( is 
(211) 
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可3-metamorphic.
To the question if there always exists a ~-metamorphic extension increase 
in respect to any property事whichhas unexhaustible null in a certain set of五nite
m，-measure， the answer is negative. For instance， as for the property事 defined
by ~(A)=(mA~α< ∞)， if a <1.元'B<∞， apparentlyヰ3has unexhaustible null in 
B， but no metamorphosis is found by any extension increase in respect to ~ (in 
virtue of Proposition 2. 2). 
Taking E as the set of al real numbers， if~(A)三(Pr(xEA)=O) ， it is found 
that ~ is unmaximizable and has a metamorphosis by the extension increase 
(Ak) (k= 1，2，…) (A，，=( -k， k)， because then E= U Ak and """ト ~(E) while (Vk= 
1，え…)(ト ~(Ak))'
Addendum. If investigations are to be made on a general topological space 
or on a non-metric space， the problems must accordingly be complicated. In 
these cases， ifsets of real numbers or of points of a euclidean space are made 
to correspond， by a certain operation， to the aggregates in the original space， the 
analysis will then be clari五edin that al of the五guresets on this correspondence 
can be expected as m-measurable. When no such means of correspondence is 
found， itshall be noted that， with no concrete practical instances to be involved， 
mere abstract processes are possibly disposed to fal into meaninglessness on the 
empinclst pragmatIsm. 
Mathematical Seminaγ 01 the lYluroγ側 Inst.Tech.， Hokkaido 
(Rec巴ivedMay 8， 1971) 
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On a conformal Motion of Areal Space A~l 
Takanori Igarashi 
Abstract 
“Conformal motion" is introduced in an areal space AJ，2) and some theor巴msare stated. 
In the previous papers2)，3)， the author considered “Lie derivatives" in areal 
spaces and de五nedan“areal motion". Those are followings: 
For an in五nitesimal transforma tion 
ぽ =Xi+~i(X)kt*) ( 1 ) 
we de五nea Lie derivative of a geometric object Q (x， p)with respect to ~i (x) in 
the form; 
£J=it[丘(x，p)-Q(去，P)]/dt ( 2 ) 
where β(ムp)(resp. Q(ム戸))is the expression of Q(x，p) in a new point (ε) 
(resp. in a new coordinate system (ε) interpreting (1) as a point transformation 
(resp. as a coordinate transformation). 
And we call (1) an areal motion， when (1) does not change the area 
dS = F(x，p)du1 d^u2 ( 3 ) 
on a domain of 2-dimensional surface in A~2) ， which is characterized such that 
5;，egiJ.kl = 0 . 
In the present paper， we consider a“conformal motion" in A~2). 
If a transformation 
( 4) 
が=ダ(xJ) ( 5 ) 
is endowed in A~2) which satisfies 
弘J，kl=σ，2g仏 kl ( 6 ) 
for the metric bitensorσu，kz of AF，where dzd(f，PTS)is a positive scalar 
function， then (5) is called “conformal mation" in A~2). 





??? ????????? ( 7 ) 
where IX 1 (resp. 1 Yli) is a measure of bivector Xf，J (resp. pJ) such that 
* Latin indices i，j， k， l， q， r， s run over 1，2，・"n; notations and terminologies are employed as 
the same as those of 1)， 2)， 3)
(213) 
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llX112=jぃ XijXkl
(resp. 1Yll2 =トj，klyijykl) 
It is easy to show that the conIormal motion (5) keeps (7) invariant. 
If the transformation (5) reduces to the infinitesimal one (1)， then the con・
formal motion is characterized in the form; 
£とめj;k/= 2Ogij;kl (8 ) 
w here o =o (xq， prs) is a certain scalar function. 
Conversely， ifa vector ci (x) satis五es(8)，ξgenerates a local one-parameter 
group of conformal motions (cf. 2)， 3). 
Hence， we have 
Theorem 1n order that (1) be a conformal motion of A~;) ラ it is necessary and 
su伍cientthat (8) holds good for a metric bitensor gij，kl' 
Next， differentiating (6) by 1ゲヘ wehave 
Ciij，lrlj r8 = σ2gi，lkl;，.， -+ 2σ; ?sag'ij， kl 
and contracting pkZ to both side， we have 
2σir8σgij，klpkl = 0 
because gij.kl;γ，pkZ=O (cf. 1). 
Hence we obtain σ川ニ0，
that is，σ(xq，p勺=σ(xq).
These facts tel us 
Theorem If A;;) admits a conformal motion， then scalar function σin (6) or 
o in(8) does not depend on p"8 but depend on only x('. 
References 
Mathematical Seminary 
Muroran Institute of Technology 
Muroran Japan 
(Received May 17， 1971) 
1) A. Kawaguchi: On areal spaces I， Tensor、Vol.1 (l95Q¥， 14-45. 
2) T. Igarashi・ OnLie derivatives in areal spaces‘Tensor， Vol. 18 (1967)， 205-211 
3) T. Igarashi: Remarks on the paper“On Lie derivatives in areal spaces"‘Mem. Muroran 
Inst. Tech.， Vol. 6， No. :3 (1969)， 
(214) 




Here th巴authorboth in a pre司Hilbertspace and in an algebraic dual discusses four types of 
cle五日itelinear clependence of finite members. Besicles， he deals with the Taussky's in巴quality
in positive semi-definite case. 
In:troduction. In the preceeding paper 13) ~ 1 (with respect to real inner 
product space R and to such) by means of the properties料 (P)，(P.O) and (P. N) 
we have discussed the linear dependence with positive coe伍cients(generalizations 
of Suemke'2)回Ca代Jer3)-Dines4)，5) theorems， algebraically， with no use of separation 
theorem). And used it on a totally ordered linear space. 
In the present paper， in ~ 1， we apply the above to pre圃Hilbertspace and 
to algebraic dual， and thereby in each case we characterize four types of definite 
linear dependence. Next in ~ 2， in connection with ~ 1， we deal with the in-
equalities of Hadamard制Fischer1)司Taussky***type. 
~ 1. Characterization of defi.nite linear Dependences 
Let Q be a quaternionic inner product space**** (pJゃHilbertゆαce)where 
vectors are to be multiplied by scalars on the left， and the inner product of 
vectors x and y will be written by (x， y). Besides， let S be a quaternionic linear 
ネ岩田一男
神 Theauthor， ibid. gave as follows. 
Definition. With resρect to a givcnザstem{ι} of 11 members of R，ωe define: 
( P ): T.いはおt，0>0 (v=1，丸刈)叫(山ゃん)>OHZJ)
(P.O): ηre陀 ωst凡>0(~=1 ， 2 ， "'，が叫(向，pP叫ん)sO(;=1，2， ス)
alld 1I0t all zero 
IP.N): NOIl-(P.O). 
And he clid also the others with respect to lincar fllllctionals. For the details， see 1:3) S 1 
ヰ*キ O.Taussky says in his 12)， p.312 as follows: For tlze d，ιomtositioll of a tosiuve defillite 
He引r叫引711円川I山l口z山tμJ
detH 毛廷三de引t"1 holんどd.ム川
ネヰキ* Briefly speaking， the qιlOternlOntビ illner troduct sρ出。 Q is de五nedin parallel with the 
comple.r in河erproduct stace C with exceptions that scalars and inner troduct are quater-
nions and quaternionic-valued respectively. Here 
(日x，y)=白(x，y)， (x，sy)ニ (x，y)s， 
where s=a-ib-jc-kd for quaternion jl=a十ib+jcートkd. In the following we mean 
also iJtp=a， fJp=α+ib 
(21ラ)
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space. And let S (algebraic dlωl*) be the set of al the quaternionic咽valued
linear functionals defined on S. 
Let a system of n vectors al， a2，. .，a"EQ (1 ~n) be given (such a system in 
an inner product space will be denoted by Aηthroughout)， and let a system of 
vectors j;， fz，…，凡εS(l~n) be given. 
Now let us apply the results of 13) ~ 1 to both Q and S. To do this， for 
the former we proceed by the use of associated real inner product space QR， 
and for the latter by the uses of real linear functionals沢'if.(ν=1，2，…n)and 
associated real linear space S R. 
In view of this， we shall get** at once the present Theorems and Corol-
laries corresponding to those of 13) ~ 1 respectively. Then at五rst，these are 
including the characterization of definite linear dφendence with positive coそfi-
cients. In fact， for example， Theorem l' is applicable in part in the proof of Riesz 
representation theorem. Next here， corresponding to the Corollary 3 (resp. 3'***) 
of 13) ~ 1， remarkably there are existing three kinds by the present Theorem 2 
(resp. 2'): 
Corollary 3. Let a systern An in Q be given. It is indφ**** in QR (resp. 
Qc， Q) iff every system {o，a，:戸 1，2，…，n}(何学・ {ei切 ν}，{α，a，}) hαs (P)， where 
each 0， (ν=1，2，.，n) (何学・タν，αν)stands for 1 or -1 (何学.arbitrarツreal，non-
zero but arbitrary qωternion) individuall)ι 
Corollary 3' will be omitted (for this， also achievable via 8) part 1). 
By the way， for their determinant uses， for a given system A川 letus put 
as follows: 
Gn = det(区切， aj)) ， G! = det (況(ai，aj)) 
As regards the Gram's theorem (st，φ切 'Ise)，modi五cations:
1 I ~(al' al) … ~(al' an-l) 広 (αl> ~ρνA叫αJ
G伺=一二一I: 1 
" Ann I立(αn，al) .. ~(ι ， anーバ(ι，争ρん仏)1
τ:vhere each A山 (ν=1，2，…，n)is the cofactor of ~(α" an) in Gn;凡=1 and 
ρν(suitably)>O (ν=1，2，…，n-1)， 
G! = the analogue ofめeabove; 
and Corollary 3 enable us to get the proofs at once. That is to say， Corollary 
3just means a sort of characterization of definite linear d，φendence with real 
* Sョsf(fES) is defined by (sf)(x)=(f(x))s for xE s. 
料 Cf， f(x)= 'iJ!f(x)-i'iJ!f(ix)ー j'iJ!f(jx)ー 加点kx) for fES， xES 
** Corollaries 2'， 3'in 13) ~ 1 may be naturally considered， 
水**キ In the following， for brevity， we use“indep in Qd' and “dejうinCR"， etc. in short for 
“linearly indφendent over the complex field in Q" and “linearly d，φendent over the吋 al
field i・nCヘetc.respectively 
(216) 
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(resp. complex， qua的 7lionic)co究所cientsin Q. 
And so is Corollary 3' in S. 
From these points of view， further we shall treat the Gramians themselves 
in ~2. 
~ 2. Inequalities of Gram-Hadamard-Fischerj)-Taussky凶 Type
Let C be a complex inner product space. 
Theorem. Let a systetη An in C， ωhere aレヲとo(ν=1，2，・，n)αnd l<;n， be 
glven. Then we have 
。ミ二 Gη <;G~'"三 Il al I1 2 I1 a2W" .1ι12 ， 
where the 1st equaliり holdsiff An is dφ in C; 
the 2nd equaliかんoldsiff either Aπis delうinCR， 
or An is indep in C and 0<(αi， aj)=O for l<;i，jや 1; 
the final equality holds iff況(α仰向)=0 for 伴 J.
Proof 
(2. 1). Pr・0ザザ Gぷ G;:. (For the sake of (2.2).) 
Let An be indφin C. For n=2， itis clear. Suppose it is true for n-1. 
As it is usually given: 
(aj， aj)"・(aj，aηj)αl 
bnIi; 
(a"， aj)…(ι， an-1) αn 
I iR(αj， aj)…沢(α1>an_j) aj 
b~= I 
iR(an， aj)…筑(an，an-l) an 
and letting A加 andAんbethe cofactors of ai (i= 1，え・ー ，n)respectively， we have 
(bn， bn) = AnnG犯 =Gn_jGわ
(bn， bn) = AふG，乙=Gごρ"
and 
(b;" b~) 口沢(b~ ， b~) 
一_ I iR(al1 aj)…iR(aj，ι-j) (al> an) 
=Aμ-矧: I=GどjG';. 
iR(an，αj)…iR(αn' an-l) (an， an) 
Hence the induction hypothesis Gηj<;G三jleads to 
IlbnI12<;(九，b~)<; 11九 Il lI b~ lI.
Hence 
(bn， b~)<; 1I九 IIllb~ 1I<; 1ιW. 
And so 
G冗舌三G2.
(2. 2). Proof of the 2ηd equalit~ツ condition.
Let Aηbe indφin C. F or n = 2， itis true. Suppose it is true for n-1. 
(217) 
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Now， from (2.1) we obtain that Gn =G;: holds if and only if not only G" 1 = G;'-l 




hold. Then， upon subtracting the left-hand side of the latter formulas， we get the 
simulta問 ouslinear equations in unknowns (an， aj)ー 沢(an，aj) (j= 1，2，…，n-1); 
where the determinant of the coe伍cientsexactly coincides with the adjugate 
matrix of Aら Henceby Aふ>0，our equality holds if and only if 
(ι， aj)-ffi(αn， aj)=O (jニェ1，え…，n-1)
together with 
0'(a，;， aj) = 0 (1 ~i， jζn-1)， 
and this completes (2. 2)ー
(3). The五nalinequality is the Fischer'sll case. 
Now， combining the present Theorem with the generalized* Fischer's case， 
let us make use of them in two directions. 
That is， on the one hand: 
Corollary 1. Let a system A丸山 Cωhereaν=i0(ν=1，2，…，n)， 2~n be 
givenラ Then
。宅三 Gn 主三 G;:~G~'(α1> α2，…，ar)G;;-r(ar，l' ".，a"n)ミIlalI121Ia212"lanI12，
where the 3rd equalit~ッ holds if either and only if either Ar 01' 
A礼 ris de.令切 Cn，or A九 lSZ:η:dep in CR a:η正1
沢(ai，aj)ニ O (i=1，2，…，r; j=r+1，…，n); 
the final eqωliか holdsiff 
沢(α包 αj)ニコofor 1ζi，jζl' & l'十1ミi，j'ζn，ωhere i=ij. 
Her・e，An-r isthe conψlemen臼rysubsystem of Ar in An. (And so forth.) 
And on the other hand: 
Corollary 2. Let a system An in C， where aνキo(ν=1，2γ・ら叫， 2ζn be 
given. Then 
。 ζ Gn~Gr(al' az，・"，aγ)Gη r(ar+1γ"，αJ
ミG-;(al'α2，…， αr)G~' r( anl' … ， an) ζIlal Il 2 1Ia2 1l 2 •• '1an12 ， 
ωhere the 2nd equality holdsザeitherωldonly if euher Ar 01' An r isdiφ iti 
C， 01' An is indeρin C and 
(αi， aj)= 0 (i= 1，2，…，r; j=r+1，…，n); 
キ Referto 11)， No. 1， p.472， from where we get easily. 
(218) 
fil 
the 3rd勾ualityholds if eitherωld only if eithe7-Ar or Aπ r isdφ zn 
C R or both Ar and An r are indep in C and 
On de五nitelinear Dependences and. Gram-Taussky Inequality 
，S'(ai， aj) = 0 for 
These proofs are easy by the foregoing statement. 
Remark. Needless to say， in the above， changing slightly the五nalequality 
conditions alone， zero vectors may be used. 
Here， applying these to the n-dimensional unitary spαce， we note. 
Note. We enumerate the results here. But we omit the equαli砂 conditions.
r+l壬三人j<n.& l<i ，j<r 
Let an n x n matrix 1nequalities 1，2 (On I-Iadamard's inequaliり)• (1). 
(α川begiven. We have 
det(j;l (況αル jν十3αJ時ν)}z 1 
t~P，くえ prJdet (aSfJI'}i . L>;q，<L;qn_r~nidet (atq)r! J 。<t
det (αJζ 
《寸4孔LZJ民向向《引訂ZJλJ
'iなwωI幻')he児εT向es 71羽uω'7lS時sfi拘O門孔 1 thげ，ro肌Ul怪凶g副hrち ωzd t does fror，孔 Tキ1through n; and 
ai=(αも1>α山・"，αin)fJtn..;.=S叫ん(1<ん<11)，(}ik=罰αik(l<んζ;η)，
for i=l，丸一・，n.
Next， as a special case: 
(I). 1nequalities 主4(011 Fischer九Taussl?y12) inequality). Let an 1・square
positive semi-d，φ:1ite Hermitia11 matrix (αり)be given. Still we have (since it 
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(l~eceived May. 18， 1971) 
(219) 
ネ 9)，1. c. p. 266-270. And such. 
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Crystal Distortion of Spinel type Oxides and 
1ts Temperature dependence (2) 
Kensuke Hoshi 
Abstract 
Crystal distortion and its temperature dependence of oxide spinels is measured by X-ray 
diffractometor， and parameter W which appeared in Kanamori's theory is calculated from the 
results. 
According to Kanamori， W was supposed to be proportional to the magnitude of the crystal 
distortion. 
Contrary to the prediction of the theory， the experiment shows that W is monotonically 





ときは， Jahn-Teller効果によって生ずることが， Dunitz-OrgeF)によって提唱された。 この



















列する場合のエネルギーを 2W， x叉は ν軸に沿って配列する場合のエネルギーを十W と
して次の様に与えられる。
Uz = Uzo [exp (2W/kT)-exp (-W/kT)]/[exp (2W/kT)+2exp (-W/kT)] 
ここで Uzは温度 Tにおける結晶歪であり，Uzo は絶対零度における結晶歪である。この
論文では u，Wのかわりに相対的な結晶歪をあらわすパラメータ -SとW を温度に換算した
パラメータ -L1をもちいることにする。 dの値は，T，Sの測定値から L1= T/2 ln (1+2S/1-S) 
の関係をもちいて求める。 S，L1 :ま次の関係で与えられる S=Uz/Uzo，L1=3W/2k. 














































































て，分子場に相当するパラメータ -W(此の論文の L1~こ相当する)は Uz に比例する，つまり温
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45. 4. 9 日本金属学会昭和45年度春期大会
大気腐食に関する研究
45. 6. 分析化学19， 6 (832頁)
微分イオン交換クロ 7 トグラフィーによるカドミウ
ムの定量太万川哲王子
45.10. 分析機器8， 10 (35頁)
電導度測定によるイオン交換クロマトグラムの自動
記録太万八|哲平


















46. 3. 8 精機学会学生卒業研究講演論文集
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電 aEkZz L 系 (電気工学科，電子工学科，二部電気工学科)
表松岸 田 新敏孝 彦雄一 ブラシと銅リングとのすり接触通電特性 (1) 電支部気回連学合会大会北海道 45.10.12 
伊崎達所 隆永 三 誘御導法機を補助機とする無段変速同期電動機の速度制 電気回学会北海道
山図 忠一則 について 支部連合大会講演論




45. 10. 12 
藤伊近山図 崎達所田議 義永隆忠 弘一三修則 誘導機と同期機両機の円線図よりみる相似性につ 電支気部回連学合会大会北講海演道論 45. 10. 12 いて 文集
藤伊近図 田 義隆弘= 電気学会全国大会
遠所藤忠修則
誘導機と同期機の円線図よりみた相似性について ー講演論文集 46.3. 30 
塁函王所重聖
忠修良IJ
誘解導析発電機の抵抗速度制御方式における電圧円線図 電気学会全国大会 二46.3.3o 
講演論文集
i関も隆露 無段変速同期電動機の速度制御法について 電気学会全国大会 46.3. 30 
所田 忠義弘則 講演論文集
近藤 修 無段変速同期機の非線形動特性 (第 2報) 電文支部気集回連学合大会会北講海演道論 45.10.13 
藤日因主巨岡匠 義主忠 弘則
誘道機と同期機両機の円線図よりみる相似性につ 電支気部四連学合会大会北講海演道論 45. 10. 13 いて 文集
時fi誘導機と同期機の円線図よりみた相似性について 電気学会全国大会 46.3. 29 講演論文集
近藤 修 無段変速同期機の非線形動特性 (第3報) 電講気演学論会文集全国大会 46.3. 31 
i図も隆雇 無段変速同期電動機の速度告IJ御法について 電気学会全国大会 46.3. 31 
所国 義忠弘則 講演論文集
普首違f岡 隆忠義弘昔三 誘導析発電機の抵抗速度制御方式における電圧円線図解 電気演学論会交 全国大会議論集 46.3. 30 















電子通信学会オー 45. 4.21 トマトン研究会
山田 エ&







電気回学会北海道佐田藤村中賢二誠滋 シリコン中への燐および棚酸の拡散におよぼす錫の 支部連合大会講演論 45.10.12 
野原 進一
影響について 文集
井南E上条村 泰淳 一滋二 陽極酸化法によるシリコン酸化膜の形成機構に関す 電支部気回連学会 北海道
る一考察 合大会講演論
45. 10. 12 
進一 文集





























91， 877 (1970) 
A Study on Reaction Rates in The Diels・AlderReactions of Fulvenes 
by Noboru Takeno， Kan-ichi Suzuki and Mutuo Morita 
Nippon Kogaku Zasshi， 91， 877-880 (1970) 
The reaction rates in the Diels-Alder reaction of fulvenes were studied in 
terms of molecular orbital method using localization energies of fulvenes as an 





rates at 250C were measured sp巴ctroscopically
The order of the theoretical relative rates which were calculated by the use 
of s=o in the HMO method corresponded with that of the experimental relative 
rates. Further， the results of mol巴cularorbital calculations by Sutton's method 
gave a closer agreement with the experiments. 







91， 1182 (1970) 
A Relationship between Hammett's Substituent Constants and the Rates of Diels働
Alder Reaction of Substituted Fulvenes with Maleic Anhydride本
by Noboru Takeno and Mutuo Morita 
Nippon Kagaku Zasshi， 91， 1182-1184 (1970) 
The rates of Diels-Alder reaction of 6ー(p-substitutedphenyl)-fulvenes [1]， 6 
methyl-6-(p-substituted phenyl) fulvenes [2] and 6，6-di-(}かsubstitutedphenyl) ful-
venes [8] with maleic anhydride were measured by means of spectroscopic pro帽
cedures at 250C. Their rate constants on each series of [1]， [2] and [8] have been 
satisfactorily correlated with Hammett's substituted constants. Explanations for 
these results are presented that Diels-Alder adducts with a similar conformations 
are expected on each series. Differences among the reactivity of 6-phenyHulvene， 
6-methyl-6-phenyHulvene and 6，6-diph巴nylfulveneare also discussed in this paper. 
Mur01・anInstitute 01 Technology; Mizumoto-cho， Muroraπ・shi，Jalうan・







Recent Hydrothermal Activity at Noboribetsu， 
Hokkaido. 
Preliminary Investigation of Chemical ConstItu-







M. Murozu Lead， Dust， and Salt in Firn and Ice from T. T. Cho 





分析化学， 8， 1049 
分析化学， 8， 1057 
Antarctic Journal 。fthe United 
States IV， 5， 218 
(1970) 
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木材工業，




































































発(1表97講0)演要胃集 45. 4. 
E102 (p. 238) 
日本化係学学会協会および秋化
学関 連合 45. 8.29 
季大会
学季日大本関会化係学学会協会お連よび合秋化 45. 8.29 
H本化Z係33〉え学学会協および秋化学関 会連合 45. 8.29 
季大
日本Z化之係〉3Z 学学会協会および化学関 連合秋 45. 8.29 
季大
日本関化係学学会協および秋化ιづ手- メz当、Z写村Eメ口'- 45. 8. 29 
季大会
日本関会化係学学会協および化秋-王f手:1'lI{;hst l1.i'，-f二ζ〉玉"、z宙ー士~fr 45. 8.29 
季大
日ぶ化係学学会協および秋化
学関 会連合 45. 8.29 
季大会
粉体工9学70研)究会払 45. 7，4(1 
日本関化係h‘学学協会および化学 会連合秋 45. 8.29 
季大
日本化学学会協および化
学関l係ヱ〉ミ 会連合秋 45. 8.29 
季大





45. 4. 3 ヱアーブレンデング法じよる粉粒体の混合速度
?????????
45.10. 粉体工学研究会誌，7， 356 (1970) エアーブレンデイングによる粉体の混合速度
















































































































On Shock Effect of Drilling Rod 
























S. G. Nomachi Effect of Deformable Cross Section on the 
S. Ozaki Torsional Vibration of a Box Girder 
S. G. Nomachi On a Method of Stress Calculation for the 
S. Ozaki Bending of Plate by Means of Long Strip 




























































f 二lコとg lilJ 純雄 断面変形を考慮、した曲線箱桁の応力解析 土木学会論文報告 46. 3. 国紘一 集 187
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能町健純雄 土部木研学究会発表北会海論文道支集松岡 ー 十i子板を要素とする弾性床上板の解法について 46. 2 
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小谷和雄
j立岡健一 鉄筋とコンクリー卜の付着応力分布に関する 3次元 土2部7木研学究会発表北会論説道文支集 46. 2. 応力的研究
'-f村作太郎 数種の I断面鋼材桁の前げ極限強度とその弾塑性挙 第講要演集14会回20材講6料演研発究表連，概合 45. 9. 1 動について
SS-41， FCM-41の H型鋼材を用し、 I型の模型桁として，両端単純支持及び両端
固定ヒンジ支持のもとで，中央二点集中線荷重載荷により，曲げ極限強度及び曲げ弾塑性
挙動を実験的に吟味し，理論計算値と比較考察したものである。



































尾崎 L主"計;人 折板構造解析によるコンクリート桁橋の応力につ ご部は研学究会発表北会海論文道集支し、-c 27 
Proc. 19th Japan 
能回1碕純雄 Effect of Deformable Cross Section on the National Congress 









斉石藤井 和憲夫一 道響路の幾何学的設計要素が交通事故発生に及ほす影IこィコL、て 北海道科研報告12
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II 
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1、heMovement of Actual Reinforced Concrete 
Building caused by the Atmospheric Tempera-
ture. 
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